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Abstracts of papers received from the Secretary of the Society. Since there will be no meet- 
ing in 1944 these papers are to be regarded as ‘“‘read by title’. For possible corrections in 


any of these abstracts see the next issue. 


Dehydration exhaustion. E. F. Apourn, A. H. 
Brown (by invitation) and H. Raun (by invita- 
tion). Dept. of Physiology, School of Medicine and 
Dentistry, Univ. of Rochester, Rochester, N. Y. 
Men acclimatized to the desert who walked with- 
out drinking water became exhausted when they 
had lost (by sweating) from 4 to 8 per cent of their 
body weights. On days of maximal air tempera- 
ture 105°F. this state was reached in 4 to 7 hours. 
Over 40 instances have been observed, most of 
them in the field, a few of them in the laboratory 
hot room. 

Signs and symptoms of oncoming exhaustion 
were: weariness, irritability, dizziness, dyspnea, 
sensation of muscular fatigue, flushing, abdominal 
ache, accelerated heart rate (whether resting or 
walking), rising rectal temperature, reflex restless- 
ness, cyanosis, and a feeling of heat oppression. 
Measures which reduced circulatory strain (e.g., 
lying down, moving the legs) in small part allevi- 
ated the symptoms of dehydration exhaustion. 
Thirst sensations in these rapid dehydrations 
varied among individuals and were usually no 
more than moderately unpleasant. Controls who 
drank water freely, avoided exhaustion; those who 
experienced it were largely relieved in 15 minutes 
of drinking ad libitum. 

During desert dehydration the blood volume 
(measured by dye injection and hematocrit) was 
markedly diminished; the serum was concentrated 
measured by refractive index) about 2} times as 
much as the body as a whole. Chloride and non- 
protein nitrogen became concentrated in the 
serum in nearly the same proportions. Hence water 
alone seemed to be lost from the circulation. To 
this disproportionately large decrement in blood 
volume is attributed in large part the signs of 
peripheral circulatory failure. [Work done under 
contract, sponsored by CMR, between OSRD and 
the University of Rochester. Field studies were 
made possible by various units of the U. S. Army.] 

Voluntary dehydration. E. F. ApotpH and AsER 

{0THSTEIN (by invitation). Dept. of Physiology 
school of Medicine and Dentistry, Univ. of Roches- 
er, Rochester, N. Y. Men in the desert or in the 
aboratory hot room do not drink voluntarily as 
nuch water between meals as they lose by sweat- 
ng. What inhibits them from drinking? When 
nen periodically force-drank enough water to 
‘eep up the body weight, no diuresis developed, 
showing that water could be retained to the usual 


extent. Evidently the urge to drink was di- 
minished. 

Rates of sweating up to 300 grams per hour Yere 
usually equalled by drinking, if cool water and 
leisure were available. At greater rates, especially 
with physical work, the deficit of body water in- 
ereased disproportionately. But after a deficit of 
about 4 per cent of body weight had bee con- 
tracted, drinking tended to keép pace with water 
loss. Similarly, when water was denied until the 
end of the period of work, rehydration was incom- 
plete. Yet if water was then forced, no water 
diuresis resulted. 

When salt was taken either in the water or sepa- 
rately, voluntary dehydration also prevailed. 
Flavored water or warm water exaggerated the 
deficit. 

The serum became concentrated in about the 
same proportion to loss of body weight whether de- 
hydration was voluntary or compulsory. 

Evidently water intake was displaced from its 
usual relation to the body’s water content by rapid 
sweating. Voluntary dehydration is not due to 
inability to retain water, but is an anomaly of 
thirst, the urge to drink water. [Work done under 
contract, sponsored by CMR, between OSRD and 
the University of Rochester. Field studies were 
made possible by various units of the U. S. Army.) 

Spontaneous and induced epileptiform seizures 
in dogs. FREDERICK M. ALLEN and OrT1s M. Cops. 
Dept. of Physiology and Biochemistry, New York 
Medical College. A spontaneous convulsive dis- 
order, called epilepsy by veterinarians, is fully as 
prevalent among dogs as epilepsy is among human 
beings. There is a definite pattern of such seizures, 
which is identical with the form of convulsions in 
the water intoxication discovered by Rowntree. 
Spontaneous attacks on this pattern, not resulting 
from water ingestion, have been described (Allen: 
J. Urol., 49: 520, 1943) in dogs after partial ne- 
phrectomy with or without temporary clampings 
of the remnants. 

It has been found that while all dogs are subject 
to water intoxication, the susceptibility varies 
widely among apparently normal individuals. 
Occasional dogs develop convulsions with far less 
than the average water dosage. Among the several 
hundred dogs tested, all those subject to spontane- 
ous ‘“‘epilepsy’’ were also abnormally sensitive to 
water administration. The water sensitiveness of 
dogs in which spontaneous convulsions were never 
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seen may perhaps mark them as latent ‘‘epi- 
leptics.’”’ The most prominent factors causing or 
exciting convulsions are infections (especially 
distemper) and nervous influences. The attacks are 
best controlled by sedatives and salt. 

Rowntree discovered that the suppression of 
urine by pituitrin is most conducive to water in- 
toxication. Studies at Morristown were the first to 
demonstrate the retardation of water excretion 
with partial nephrectomy. The present experi- 
ments confirm the previously (Allen, l.c.) de- 
scribed susceptibility of some partially nephrec- 
tomized dogs to convulsions. Also in one instance 
an electroencephalographic curve suggestive of 
epilepsy was obtained in a curarized animal with 
water intoxication. 

Changes in the hypophysis after hypothalamic 
lesions. T. H. ALPHIN and F. L. Dry (both intro- 
duced by W. F. Windle). Inst. of Neurology, North- 
western Univ. Medical School, Chicago. Large elec- 
trolytic lesions placed bilaterally with the 
Horsley-Clarke machine in the guinea pig’s hypo- 
thalamus just caudal to the optic chiasma led to 
genital hypertrophy, marked follicular develop- 
ment and an ‘‘always open”’ vaginal membrane. A 
discrete lesion placed in the median eminence led 
tu marked genital atrophy and an ‘‘always closed”’ 
vaginal membrane which opened cyclically upon 
administration of ovarian hormones but closed 
and remained so when these were discontinued. 

Hypothesis of ‘‘always open,”’ ‘‘always closed,”’ 
unoperated estrus, and unoperated diestrus guinea 
pigs were fixed in Champy-Kull fluid, stained by 
the Severinghaus technique and compared his- 
tologically. A marked increase in acidophil cells 
was encountered in the ‘‘always open’’ series. 
This appeared to be associated with a decrease in 
number of chromophobe cells. The additional 
acidophils resembled those encountered at estrus 
and at the end of pregnancy in unoperated ani- 
mals. The “always closed”’ series of glands con- 
tained many large, rather granular basophilic cells 
with cytoplasmic inclusion; other types of cells, 
especially acidophils, exhibited degenerative 
changes. 

It would seem that the large lesions in the hypo- 
thalamus produced an exaggerated picture of 
estrus (except mating behavior, which the lesions, 
per se, abolished) and that destruction of the 
median eminence led to a picture of diestrus with 
correspondingly exaggerated cytologic changes in 
the hypophysis in the former condition. [Aided 
by a grant from the Committee for Research in 
Problems of Sex, National Research Council.] 

Inhibition of the endocrine function of the chick 
thyroid. E. B. Astwoop, A. BissELL (by invita- 
tion) and A. M. Huaues (by invitation). Depts. 
of Pharmacology and Medicine, Harvard Medical 
School, Boston, Mass. Representative antithyroid 


compounds which had previously been found ac-f 


tive in the rat were tested on chicks beginning 
during the first week of life. The substances were 
admixed with the food in various proportions and 
the chicks were sacrificed at intervals thereafter. 
Aniline derivatives—p-aminobenzoic acid and 
sulfadiazine had no detectable effect upon the 
thyroid gland, agreeing with the observations of 
Mackenzie and Mackenzie (Endocrinol. 32: 185, 
1943) on sulfaguanidine. Thioureylenes produced 
a marked enlargement and hyperplasia of the 
thyroid gland and a decrease in its iodine content. 
Thiouracil was the most active of the compounds 
tested; by comparison the activity of diethyl 
thiourea was approximately one third, thiourea 
one fifth and thiobarbituric acid less than one 
one-hundredth that of thiouracil. One-tenth per 
cent thiouracil in the food induced maximal thy- 
roid enlargement; this began within a few days 
and continued for at least 10 weeks when the 
glands from treated animals averaged 2.83 grams 
—45 times the weight of the controls; body growth 
was not impaired. Larger doses of thiouracil re- 
sulted in less thyroid enlargement. When given 
as a 0.5 per cent mixture in the food, growth and 
development were markedly retarded; wattles, 
combs and spurs failed to develop, muscles were 
weak, joints hypermobile, and finally the chicks 
became unable to stand; depot fat was increased. 
A fringe of wing feathers grew during the first 
few weeks but the down persisted and body 
feathers did not appear. This condition is inter- 
preted as a state of cretinism in this species. 

The effect of age on the chloride and water con- 
tents of chick tissues. J. S. Bartow (by invita- 
tion), S. J. Suincer (by invitation) and J. F. 
Manery. Dept. of Animal Nutrition, Ontario 
Agricultural College, Guelph, Ontario and the 
Dept. of Biochemistry, Univ. of Toronto, Toronto, 
Canada. The changes occurring in the chloride and 
water contents of chick tissues during the periods 
of growth and maturity, i.e., from’ 3 to 427 days, 
were investigated intensively; some analyses were 
also obtained on birds up to 5 years of age. All 
chicks used were of the same White Leghorn strain, 
were hatched at the same time and reared under 
identical conditions. In most cases 10 birds were 
sacrificed at each age and their tissues and sera 
analyzed. The results are expressed on a fat-free 
basis when necessary. 

Both chloride and water diminished in concen- 
tration in skin, muscle, tendon and serum during 
the interval studied, the most striking changes oc- 
curring during the first month after hatching which 
is the period of rapid growth. During growth the 
calculated extracellular water of muscle decreased 
from 53 to 20 per cent, and of skin from 70 to 50 
per cent of the fat-free wet weight of the tissue. 
It remained constant during maturity but seemed 
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to diminish again as senility approached. The 
alterations in tendon extracellular water were less 
striking but a slight decrease also occurred in 
old age. 

Positive injury potentials in human skin. T. 
CuNnLIFFE Barnes. Depl. of Physiology, Hahne- 
mann Medical College, Philadelphia. The funda- 
mental work of Burr confirmed the observations 
of Melchoir and Rahm (Zentralbl. f. Chir. 45: 598, 
1918) that skin wounds are electropositive con- 
trary to the classical concept of negative injury 
current. Melchoir’s theory that the positivity 
arises from granulation is contradicted by posi- 
tivity of fresh injuries. A needle was thrust 
through the skin of the finger-tip in five successive 
punctures. Measurements of the electropositivity 
of the finger-tip compared to an uninjured finger- 
tip were: 23.4, 32.6, 36, 36.8 and 42.3 mv. Each 
puncture exposed the positive inner surface of the 
skin (see Barnes and Coe, Journ. Cell. Comp. 
Physiol. 15: 125, 1940). The positivity of the wound 
arises from the inner surface of the intact skin 
® measured through the damaged area. This can be 
demonstrated by the effects of warming the skin 
(which produces positivity). The wounded finger 
was 40 mv. positive to the homologous uninjured 
finger. The potential rose to 43.8 when the injured 
finger was warmed to 44°C. but a much greater 
change, from 40 to 15 mv., occurred when the 
uninjured finger was warmed to 44°C. 

In the frog, cutting off the foot made the stump 
10-20 mv. positive to the intact opposite leg. In 
man stasis of the circulation by a sphygmomanom- 
eter cuff had little immediate effect on the wound 
potential. 

The positive injury potential disappeared when 
the wound healed. Two per cent allantoin, 40 
per cent urea or 10 per cent sulfanilamide did not 


affect rate of healing. In some cases the potential | 


was higher with allantoin and urea owing to dis- 
solving of scab. 

The effect of left-handedness, temperature, pres- 
Sure and chemical agents on human skin potential. 
T. Cunuirre Barnes. Dept. of Physiology, Hahne- 
mann Medical College, Philadelphia. The skin of 
the right hand in the majority of right-handed 
persons was electro-positive to that of the left 
(measured from the finger-tips), but in twenty 
left-handed persons ten were positive on the right, 
seven were positive on the left and three were iso- 
electric (average of finger to finger potentials). 
An index finger partially immobilized by injury 
to tendon twenty years previously was 10 mv. 

B negative to all others. Warming the skin made the 
potential more positive, augmented when the cir- 
culation was arrested by a cuff (absence of thermo- 
regulation by blood). At room temperature block- 
ing the circulation usually produced negativity 
(the skin temperature fell to 28°C), but there is 


little evidence that the potentials measured are 
produced by ionized oxygen in the blood (Leiri, 
Skand. Arch. Physiol. 71: 166, 1935) or by hydro- 
gen ions in the blood (Snodgrass, Am. Journ. 
Physiol. 140: 394, 1943). 

Muscular contraction (with or without circula- 
tion) made the finger potential positive (5 to 15 
mv.) due to pressure of the finger on the cup of 
saline serving as electrode. Clamping the relaxed 
finger gave the same effect. Pressure makes better 
contact with the positive potential of the inner 
surface of the skin (Barnes, Fed. Proc. 1: 6, 1942). 

Sanborn electrocardiograph paste made the skin 
3-8 mv. negative confirming Beutner’s studies on 
concentrated NaCl solutions. Mustard plaster pro- 
duced 5 mv. positivity and raised the skin tem- 
perature 2°C. Musterole gave 5 mv. negativity. 
Chloroform made the skin negative by cooling; 
10 per cent aluminum chloride produced 3-18 mv. 
negativity in spite of its antihidrotic action. 

The effect of gastric and intestinal instillation of 
bile on gastric secretion. Wma. D. BEAMER (by in- 
vitation), M. H. F. FrrepMan, J. Earn THOMAS 
and M. E. Reuruss (by invitation). Dept. of 
Physiology, Jefferson Medical College, Philadel- 
phia. Meyer, Ivy and McEnery (Arch. Int. Med. 
34: 129, 1924) found that bile stimulated gastric 
secretion when introduced into either the stomach 
or intestine of Pavlov-pouch dogs. They concluded 
that the action in both cases came from its effect 
in the intestine. Kaulbersz and Winfield (Federa- 
tion Proc. 1: 45, 1942) reported that bile placed in 
the stomach of Pavlov-pouch dogs increased the 
gastric secretion in response to histamine but that 
it inhibited gastric secretion when the bile pro- 
gressed into the intestine. 

Dogs provided with gastric and duodenal fistulas 
were used; one of the dogs also had a Pavlov pouch. 
Experiments were carried out only when the stom- 
ach showed absence of secretory activity. Fresh 
dog bile or 5 per cent ox bile was instilled into 
either the stomach or intestine. Adequate drainage 
of the duodenal cap prevented exchange between 
the stomach and intestine. 

Bile introduced into the stomach in volumes of 
50 to 300 cc. resulted in a secretion of gastric juice 
after a latent period of about 30 to 45 minutes. 
When introduced directly into the intestine, bile 
did not have any secretory effect except in those 
instances where it was permitted to regurgitate 
into the stomach. When bile was introduced into 
the intestine together with proteose solution, the 
secretory response was greater than when the 
proteose solution alone was instilled. 

Effects of asphyxiation at birth on learning abil- 
ity. R. F. Becker and W. F. Winp.e. Dept. of 
Anatomy and Inst. of Neurology, Northwestern 
Univ. Medical School, Chicago. Controlled histo- 
pathologic studies have been made on brains of 
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guinea pigs which were asphyxiated at birth, re- 
suscitated and subjected to a learning test at 4 to 
6 weeks. The test was a simple alternation problem 
with food and cover as motivating factors. The 
animals had to learn that the exit was always be- 
hind a blind alley. 

At present the brains of 36 experimental animals 
and their litter-mate controls have been studied. 
Definite pathologic changes were observed in 23. 
On the maze tests, 19 of these 23 were inferior to 
their litter-mate controls. Some could not learn 
the simple problem at all. Others quickly forgot 
the solution. None was superior to its control. All 
controls learned the problem readily and remem- 
bered it well. Failure in learning tests was often 
correlated with extensive nerve-cell loss in sensory 
areas such as thalamic nuclei and geniculate 
bodies. In others the damage was predominately 
cortical. [Aided by grants from The Women’s Fac- 
ulty Club and Medical Abbott Fund of Northwestern 
University Medical School.| 

Relative Renotropic and Testoid Activity of Vari- 
ous Steroids. E. BELAND (by invitation), G. Mas- 
SON (by invitation) and H. Serre. Dept. of Anat- 
omy, McGill Univ., Montreal, Canada. In a series 
of steroids we estimated the renotropic potency by 
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* In this case renal enlargement due to nephrosclerosis. 


the increase in kidney weight and the testoid ac- 
tivity by the increase in seminal vesicle weight, 
both these being expressed as percentage increase 
over normal. Each steroid was tested on a group of 
8 to 10 castrate male Swiss Albino mice weighing 
13 g. The steroids were administered subcutane- 
ously in the form of 3 pellets each weighing 10 mg. 
and prepared under 200 lbs. pressure. The organs 
and the remnants of the pellets were weighed on 
the 30th day of the experiment. The results sum- 

arized in the preceding table indicate that meth- 
ylandrostane-3(a), 17(@)-diol and, to a lesser ex- 
tent, the corresponging non-ethylated compound 
renotropic 
testoid 
The effect of succinate and malonate on the dura- 


have the most favorable ratio. 


tion of baributrate narcosis. Kari H. Beyer and | 


ALBERT R. LATVEN (by invitation). From the Dept. 
of Pharmacology, the Medical-Research Division, 
Sharp and Dohme, Inc., Glenolden, Pa. 

Since certain barbiturates inhibit the oxidation 
by brain tissue of lactate, pyruvate and glucose, 


but not of succinate, it was suggested by Soskin j 


and Taubenhous (J. Pharmacol., 78: 49, (1943)) 
that sodium succinate might be used as an anti- 
dote for barbiturate poisoning and to control the 
duration of anesthesia. This view was supported 
by their experimental data. We reasoned that if 
succinate decreased the duration of barbiturate 
anesthesia, malonate which competes with suc- 
cinate for the same enzyme system, might prolong 
anesthesia. 

In neither mice nor rats did sodium malonate 
(250-500 mgm./kgm. intramuscularly) prolong the 


duration of pentobarbital anesthesia significantly. fj 


Sodium succinate produced a considerable short- 
ening of pentobarbital narcosis only when ad- 
ministered in very large amounts. In two sets of 19 
mice each in the control and in the succinate in- 
jected groups, an injection of 150 mgm./kgm. of 
sodium succinate intramuscularly immediately 
following the loss of the righting reflex failed to 
shorten the duration of anesthesia produced by 
sodium pentobarbital (80 mgm./kgm. intraperi- 
toneally). When 1000 mgm./kgm. of sodium suc- 
cinate was administered the significant difference 
between these animals and those given barbiturate 
alone was 5.25 (2.0 or more indicates a definite dif- 
ference). In ‘cross-over’ experiments in rats given 
30 mgm./kgm. of sodium pentobarbital intraperi- 
toneally 250 mgm./kgm. of sodium succinate ad- 
ministered intramuscularly decreased the duration 
of narcosis in both groups. In a similar ‘triple- 
cross-over’ experiment involving injections of dis- 
tilled water, sodium succinate (500 mgm./kgm.) 
and sodium malonate (500 mgm./kgm.) at weekly 


intervals the succinate shortened slightly the du-§ 


ration of narcosis (significant difference = 2.4), 
whereas malonate had no effect. 
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Changes in the iodine content and weight of the 
thyroid gland produced by thiouracil. A. Bisse. 
(by invitation) and E. B. Asrwoop. Depts. of 
Pharmacology and Medicine, Harvard Medical 
School, Boston, Mass. Thiouracil administered to 
rats as a 0.1 per cent solution in the drinking water 
caused a rapid loss of iodine from the thyroid gland 
beginning within 24 hours and continuing regu- 
larly for 5 days when it reached a stabile concen- 
tration one-thirtieth that of normal. In 3 days the 
weight had increased 50 per cent and in 10 days 
300 per cent; thereafter enlargement was slow. 
Omission of the drug after 8 days caused a signifi- 
cant reaccumulation of iodine in the first 24 hours, 
and within 7 days the weight and iodine concentra- 
tion were near normal. Iodide added to the diet 
had no effect on the loss or reaccumulation of 
iodine. Dosage-response curves were constructed 
by the administration of thiouracil in concentra- 
tions of from 0.0001 per cent to 0.1 per cent in the 
drinking water for 10 days. A concentration of 
0.0003 per cent produced a distinct decrease in 
iodine while 0.003 per cent to 0.01 per cent was 
required to induce a significant thyroid enlarge- 
ment. The resulting curves have been used to de- 
termine the relative anti-thyroid activity of new 
compounds. In animals pretreated with thiouracil 
hypophysectomy or thyroxin treatment reduced 
thyroid size and induced the reaccumulation of 
colloid without altering the low iodine concentra- 
tion. Thyrotropin injections in normal animals in- 
duced a more rapid enlargement of the thyroid but 
the iodine loss was at a slower rate than with 
thiouracil. Sulfadiazine was qualitatively similar 
§ to thiouracil. These findings indicate that thio- 
uracil inhibits the production of thyroid hormone 
and prevents the accumulation of iodine in the 
gland. 

The effect of adrenal cortical extract on blood 
non-protein nitrogen in shock produced by venous 
occlusion. J. E. Bourque (by invitation), 8. 
JosepH (by invitation), C. P. Koziow (by invita- 
tion), JEAN Houston (by invitation) and H. O. 
Hatrertus. Dept. of Physiology, Wayne Univ., De- 
troit, Mich. Observations were made upon the 
effect of adrenal cortical extracts on the blood 
NPN of dogs following occlusion of the venous 
drainage of one leg (Bourque, Haterius and 
Glassco 1943). ACE was given in doses of 1.5 cc./ 
kgm. intramuscularly at 20 and at 2 hours pre- 
operatively and similarly at 1 and at 5 to 8 hours 
following occlusion. 

At the outset, blood pressure fell and NPN rose 
in the ACE-treated animals with slopes similar to 
those seen in untreated controls. Beginning at the 
4th or 5th hour postoperatively, however, ACE re- 
tarded the fall in arterial blood pressure and the 
rise in NPN which characteristically follow the 
occlusion procedure. Thus, except for a time lag, 


the relation between blood pressure and blood 
NPN was essentially the same in both untreated 
and treated animals. The data tend to conform to 
the variable results reported on the efficacy of 
ACE in shock of non-adrenal origin, i.e. it was only 
in the occasional animal that blood pressure and 
NPN differed materially from the values found in 
untreated controls. The averages of the two groups 
did not differ significantly, although there was a 
significant difference in survival time. 

Kidney function was affected almost equally in 
both sets of animals, the onset of oliguria signaling 
the rise in blood NPN. [Aided by a grant from 
Parke, Davis & Company.) _ 

Demerol and cholinesterase. ClypE O. Brinp- 
LEY (introduced by G. S. Eadie). Dept. of Physi- 
ology and Pharmacology, Duke Univ. School of 
Medicine, Durham, N. C. Since both morphine and 
atropine inhibit the hydrolysis of acetylcholine by 
cholinesterase, it seemed probable that demerol, 
which combines important pharmacological prop- 
erties of each, would also affect the reaction. This 
has been found to be the case. The enzyme solution 
was prepared by the method of Mendel and Rud- 
ney (Biochem. J. 37: 59, 1943); details of experi- 
ments and ealculations were given by Eadie 
(J.B.C. 146: 85, 1942) except that 0.001 N instead 
of 0.01 N NaOH was used, and velocities were 
reckoned in terms of this. A typical experiment 
showed the initial velocity of hydrolysis of 0.00064 
M acetylcholine to be 1.58 in absence of demerol: 
0.65 in a solution containing 20 mgm. per cent, 
0.44 mg. per cent and 0.31 in 80 mgm. per cent of 
demerol hydrochloride. While inhibition is prob- 
ably competitive, data so far available are insuffi- 
cient to decide this. 

Water losses of men on life rafts. ALLAN H. 
Brown and Rosert E. GossE in (introduced by 
E. F. Adolph). Dept. of Physiology, School of 
Medicine and Dentistry, The Univ. of Rochester, 
Rochester, N. Y. In warm seas, survival of cast- 
aways is often limited by bodily dehydration. “ 
Means of decreasing the loss of body water con- ° 
tribute to prolonged survival of men adrift. Use of 
shade and wetting of clothes with sea water have 
been suggested as methods of reducing evapora- 
tive loss of body water. 

Rates of evaporative water loss were measured 
in 159 man-experiments on soldiers in rubber rafts 
near Florida. Air and surface-water temperatures, 
relative humidity, wind velocity, and degree of 
cloudiness were recorded. Meteorological condi- 
tions were relatively uniform; nearly all experi- 
ments were on clear days with sea breeze; the aver- 
age air temperature was 85°F. Men were intermit- 
tently exposed to simulated emergency conditions 
and measurements were made at all times of day 
and night. 

Rates of evaporative loss varied® with time of 
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day; they averaged 247 + 7 gm./hr./man by day 
and 32 + 3 gm./hr./man at night. These rates were 
not significantly reduced during prolonged expo- 
sure, while urinary water loss and rate of urinary 
solid excretion diminished in the first 30 hours of 
continuous dehydration without food. 

Evaporative water losses were reduced by about 
40 per cent when men were shaded with a tarpaulin. 
The practice of wetting the clothes diminished 
rates of evaporative loss in the sun by 74 per cent. 
Shaded men also benefited by wetting their gar- 
ments, since daytime losses were then 83 per cent 
below those of dry, unshaded individuals. Since 
shade and wetting together can reduce to one- 
sixth the daytime rates of evaporative water loss, 
they may more than double the time of survival. 
[Work done under contract, sponsored by CMR, 
between OSRD and The University of Rochester. 
Field studies were made possible by various units 
of the U. S. Army.] y 

Changes in flicker fusion frequency (F.F.F.) un- 
der experimental stress. JosEr Brozexk (by invita- 
tion) and ANcEL Keys. Laby. of Physiological Hy- 
giene, Univ. of Minnesota, Minneapolis. Vali- 
dation of the F.F.F. as a test of ‘general 


fatigue”’ consists in relating the changes in fusion 
level to an imposed strain which can be expressed 


in such objective terms as degree of environmental 
temperature, amount of physical work and caloric 
debt. Under normal (standard) conditions the 
F.F.F. measurements were found satisfactorily re- 
peatable and not significantly changed with prac- 
tice. When 8 young men were subjected 10 times to 
4 hours of hard work on the treadmill, interrupted 
by 3 rest pauses of 45-60 min., the F.F.F. at the 
end of the 4th hour of marching was higher than in 
the mornings, with the general average difference 
being +1.8 flickers per second. When 6 men were 
studied in experiments involving 3 days of work on 
the treadmill (3.25 m.p.h., 7.5 per cent incline) at a 
temperature of 120°F., humidity about 25 per cent 
relative saturation, the average A.M. scores on 
successive days were 49.3, 49.3, and 47.6 while the 
P.M. scores were 49.6, 48.8, and 48.0. When twelve 
men were kept for 3 days on a daily caloric intake 
of about 1,100 calories while the output was about 
4,500 calories, the values obtained on successive 
mornings were 49.2, 48.4, and 48.2, and in the after- 
noons 48.5 and 47.6. Four men subjected to a simi- 
lar work regime combined with total starvation 
had average scores of 56.2, 53.0 and 53.5 on succes- 
sive mornings, and 56.8 and 53.8 in the afternvons. 
The F.F.F. decreases under prolonged stress but 
the changes are small and frequently not statisti- 
cally significant. 

Effect of anterior pituitary growth promoting ex- 
tracts on blood amino acid N and blood uric acid in 


the pigeon. A. CanTAROw, K. K. Pascukis! and A. 
E. Rakorr (by invitation). Jefferson Medical Col- 
lege and Hospital, Philadelphia, Pa. Anterior 
pituitary growth preparations have been shown to 


‘ cause a decrease in blood urea and amino acid in 


dogs, rats and guinea pigs. This is generally at- 
tributed to an action of APE in stimulating anabo- 
lism or/and retarding catabolism of proteins. 
Blood amino N was determined in 19 pigeons and 
blood uric acid in 21 pigeons before and 6 hours 
after injection of APE (Antuitrin G). An increase 
in amino N occurred in 13 instances (average 
increase 2.8 mg. +0.8) and in uric acid in 15 


instances (average increase 6.5 mg. + 2.4). Con- § 


trols showed no significant variation during the 
experimental period. 

Uric acid is, in part at least, an end product of 
protein catabolism in birds, analagous in this re- 
spect to urea in mammals. These findings raise the 
question as to whether APE may not enhance pro- 
tein catabolism in the pigeon rather than protein 
anabolism, as has been suggested in mammals. 


These data are of interest because of the fact that J 


doubts regarding the specific action of anterior 
pituitary growth hormone have been based in part 
on observations made on birds. 

Survival time of rabbits after tourniquet occlu- 
sion of hind legs. AtTritio CANZANELLI, Rutu 
GuiLtp (by invitation) and Davip Rapport. 
Physiology Dept., Tufts College Medical School, 
Boston. Tourniquets were applied, shutting off 
both arterial and venous flow, to the hind legs of 
rabbits under light urethane anesthesia, aug- 
mented when needed by small doses of intravenous 
nembutal. The survival times following release of 
the tourniquets were as follows: after 2 hour occlu- 
sion at room temperature, the survival time in 14 
experiments was 3.8 + 0.6 hours; after 5 hour oc- 
clusion at room temperature in 19 experiments it 
was 1.7 + 0.4 hours. When the legs were kept at 
37°C. during 5 hour occlusion the survival time in 
15 experiments was 1.2 + 0.2 hours. When they 
were packed in ice during occlusion for the same 
time, it was 4.3 + 0.7 hours in 14 experiments, 
while in 5 more, to which statistical methods 
seemed inapplicable, the survival time was greater 
than 24 hours. Preliminary observations indicate 
that the survival time is not affected by dehydra- 
tion or fasting. In view of the predictability of the 
survival times, tourniquet occlusion in the rabbit 
appears to offer a promising technique for the 
study of shock. 

The effect of temperature on the luminescent and 
non-luminescent reactions of luciferin. AURIN M. 
Cuase and Parup B. Lorenz (by invitation). 
Physiological Laby., Princeton Univ., Princeton, 
N. J. The bioluminescent reaction of purified 


1J. Ewing Mears Fellow in Medicine and Physiology. 
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Cypridina luciferin and luciferase has been studied 
in vitro at five temperatures, from 8° to 36°C. An 
equation is developed representing the lumines- 
cent reaction of luciferin and luciferase and the 
non-luminescent oxidation of luciferin as first 
order reactions occurring simultaneously. The 
equation has the form: 


mn e7 hitke) t} (1) 


z is total light emitted during the reaction up to 
any time ¢t, and ais the total light that would have 
been emitted had all of the luciferin initially pres- 
ent reacted with luciferase in the luminescent 
reaction and had none been oxidized without 
luminescence. k, and kz are the velocity constants 
of the luminescent reaction and of the non-lumi- 
nescent oxidation of luciferin, respectively. 
The relationship, 


Zz = ky 
kz Y, 


(II) 


is also derived, for t = 00, where z has the same 
meaning as in I, and y represents that fraction of 
the luciferin initially present which was oxidized 
without luminescence during the course of the 
experiment. ‘ 

The values of k; and ke can be calculated for any 
temperature by simultaneous use of equations I 
and IT, and the experimental measurements are well 
fitted by theoretical curves calculated using these 
values of k, and kz in equation I. 

ky inereases with temperature in fair agreement 
with the Arrhenius equation, while k, increases 
with temperature to about 25°C. and then de- 
creases sharply with further increase of tempera- 
ture, thus exhibiting an optimum similar to that 
for luminescence in certain bacteria. 

A comparative study of clot firmness and clot re- 
traction contacting foreign surfaces. ALFRED 
Lewin Copiey. Division of Research Surgery, 
Dept. of Surgery and Gynecology, Univ. of Virginia 
School of medicine, Charlottesville. Glass tubes of 
uniform length and internal diameter were em- 
ployed without lining or were lined with paraffin 
oil, paraffin, or a synthetic plastic “Lusteroid.”’ 
After the lower end had been stoppered, an equal 
volume of blood was placed in each tube and al- 
lowed to clot. The tubes were stoppered, not agi- 
tated, and incubated for one hour at 37°C. Then 
both stoppers were removed, and the degree of clot 
retraction noted. In case the clot adhered to the 
foreign surface, it was loosened with a fine long 
steel probe; care was taken not to cut the clot. 
Clot firmness was tested in triplicate with vis- 
cometer tubes according to the Lalich-Copley 
method (Proc. Soc. Exp. Biol. Med. 51: 232, 1942). 
Blood was obtained from the jugular vein of 33 
dogs; the first 10 ec. of blood was discarded. 


No elot retraction occurred in Lusteroid lined 
tubes. In tubes lined with paraffin or paraffin oil, 
there was either no, partial, or strong syneresis. 
In glass tubes, clot retraction was observed, except 
when the blood clots were first incubated at 0°C. 
for 3 hours, and afterwards at 37°C. for one hour. 
Then, frequently, no, or only slight syneresis oc- 
curred, although marked syneresis was observed 
in paraffin lined tubes. Non-retracted blood clots 
often showed even higher clot firmness than re- 
tracted clots. The general contention that there 
is a relationship between the firmness and retrac- 
tion of a blood clot could not be corroborated. 
These rheological phenomena apparently do not 
influence each other. 

Platelet counts in blood from splenic vessels and 
spleen substance with note on heparin effect. AL- 
FRED Lewtn Copuey. Division of Research Sur- 
gery, Dept. of Surgery and Gynecology, Univ. of 
Virginia School of Medicine, Charlottesville. Blood 
samples were drawn within 20 minutes from the 
splenic artery and vein in 8 dogs under anesthesia, 
and by spleen puncture in 7 dogs. Blood was mixed 
immediately with Aynaud solution, and with 1 and 
10 colorimetric units (Copley-Whitney, J. Lab. 
Clin. Med. 29: Jan., 1944) of sodium heparin (Ab- 
bott) in saline. The action time of heparin was 15 
minutes. The Copley-Robb method with 0.5 per 
cent solution of brilliant cresyl blue (National 
Aniline NV-27) was used and the platelets counted 
in all 25 squares of the Neubauer chamber were 
multiplied by 1,000. 

The heparin effect of platelet count decrease 
(Copley-Robb, Am. J. Clin. Path., 12: 416, 1942) in 
the splenic vessels was: 1 unit, 9-60 per cent; 10 
units, 24-64 per cent. With 1 unit, 3 spleen samples 
showed no decrease, but 4 spleens 31-51 per cent. 
With 10 units, the decrease was 9-61 per cent. 

Counts in 6 arteries were 10-31 per cent lower, 
and in 2 arteries 12 and 18 per cent higher than in 
the veins. Splenic artery and spleen showed in 2 
cases the same count; in 1 case, 30 per cent higher 
in the spleen; in 4 cases, 30-50 per cent lower in the 
spleen. Comparative counts between splenic vein 
and spleen showed small increase of 11 per cent in 
2 spleens; however, the count was in 5 cases 28-55 
per cent decreased in the spleen. Results suggest 
that platelets are destroyed, and may be stored or 
formed in the spleen. 

The effects of insulin hypoglycemia on the glyco- 
gen content of the various parts of the central nerv- 
ous system of the dog. ANNETTE CHESLER (by 
invitation) and Harotp E. Himwicn. Dept. of 
Physiology and Pharmacology, Albany Medical Col- 
lege, Union Univ., Albany, N.Y. The glyco- 
gen contents of the various parts of the central nerv- 
ous system have already been determined in dogs 
and cats with normal levels of blood sugar. It 
was found that each portion of the central nervous 
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system contained a characteristic concentration of 
glycogen, and, in general, in the adult this con- 
centration followed a definite order, being most 
scarce in the cord and growing ever larger in the 
succeeding rostral layers from the cord. In the 
present experiments the glycogen contents of all 
parts of the central nervous system were examined 
in an effort to correlate the changes in the various 
parts with the duration of intense hypoglycemia. 

The observed decreases in glycogen concentra- 
tions did not take place in a haphazard fashion, 
but in a definite order, which with the one excep- 
tion of the cerebral cortex, extends from a rostral 
to a caudal direction. [Aided by a grant from the 
Scottish Rite Fund.] 

Activity in the great superficial petrosal nerve 
influencing the electroencephalogram. CHESTER W. 
Darrow, JoHN B. GREEN (by invitation) and 
WarreEN 8S. McCuttocu. Inst. for Juvenile Re- 
search and Depts. of Neurology, Neurological Sur- 
gery and Psychiatry, Univ. of Illinois College of 
Medicine, Chicago. Since the least complicated 
portion of the parasympathetic path to the cere- 
bral blood vessels is the great superficial petrosal 
nerve, it was exposed subtemporally and its ac- 
tivity recorded synchronously with the EEG of 
both hemispheres, the EKG and the alterations in 
blood pressure. 

Following section of this nerve peripherally to 
the electrodes high potential hypocapnic slow 
waves in the EEG were enhanced, but the opera- 
tion caused no significant change in the activity 
recorded from the proximal stump. 

The waves recorded from it fall into two ranges 
of frequencies. The lower frequencies, 8-15 per 
second, decreased in amplitude with increase of 
blood pressure and slowing of pulse, and bursts of 
this frequency often anticipated or accompanied 
slow waves in the EEG. Technical difficulties make 
it impossible to state whether these presumably 
sympathetic impulses were of local or extraneous 
origin. 

The higher frequencies recorded from the nerve, 
24 or more per second, increased in amplitude with 
each pulse, and in amplitude and frequency during 
sustained rise of blood pressure—thus resembling 
those recorded by Bronk and Stella from the ca- 
rotid sinus. These changes often anticipated or 
accompanied increased frequency and regularity 
of the EEG. 

These autonomic impulses may exert an influ- 
ence on the activity of brain. 

Cholinergic influence on high potential slow 
waves of the electroencephalogram. CHESTER W. 
Darrow, JoHN R. GREEN (by invitation), Ep- 
warp W. Davis (by invitation) and Hucn W. 
Garou (by invitation). Inst. for Juvenile Research 
and Depts. of Neurology, Neurological Surgery and 
Psychiatry, Univ. of Illinois College of Medicine, 


Chicago. That alkalinity increases the destruction 
of acetylcholine may explain why it is only during 
hypocapnia that there is concurrence of cardiac 
acceleration and slow waves in the EEG, and why 
only under hypocapnia the effects of section of the 
parasympathetic path in the facial nerve become 
apparent in the EEG. If this is the case protection 
of acetylcholine by physostigmine should prevent 
slow waves during hypocapnia, and atropine 
should produce them with little or no hypocapnia. 

This was tried before and after section of the 
facial nerve in cats under B-erythroiden with arti- 
ficial respiration. The results confirmed the 
hypothesis. 

Effect of soybean lecithin upon the red blood cell 
count of normal dogs. Joun Emerson Davis. Dept. 
of Physiology and Pharmacology, Univ. of Ar- 
kansas, Little Rock. We have previously reported 
that liver, choline, certain vasodilator drugs, and 
soybean lecithin are capable of depressing experi- 
mental polycythemia in dogs or rabbits. Most of 
these substances have been shown to have no effect 
upon the normal erythrocyte numbers when fed to 
normal animals daily for a period of one week in 
the doses which are effective in depressing poly- 
cythemia. 

In order to see whether a more prolonged period 
of feeding would affect the red blood cell counts, 
we have administered five grams of soybean leci- 
thin daily to four normal dogs for two to three 
weeks. This procedure caused no changes in eryth- 
rocyte counts or hemoglobin percentages during 
the first week, but within two weeks significant 
reductions in red cell count were apparent in all 
dogs. The average reduction in erythrocyte num- 
ber was 16 per cent (range 12 to 19 per cent). Mean 
arterial blood pressure determinations are being 
made but results are as yet inconclusive. These 
experiments are still in progress. 

Stimulation of the red bone marrow by fat inges- 
tion in anemic dogs. CHARLES Dupes (by invita- 
tion), Victor JOHNSON, ALBINO MARCHRLLO (by 
invitation) WARREN WILNER (by invitation) and 
L. WILLARD FREEMAN (by invitation). Dept. of 
Physiology, Univ. of Chicago. Previous reports 
from this laboratory indicate that in dogs, a high 
fat diet increases the rate of normal daily erythro- 
cyte destruction, but that such a diet does not 
produce anemia, presumably because the red bone 
marrow can compensate for these extra losses. 

To determine whether the hyperactive bone 
marrow in anemia can also cope with these losses, 
four dogs were fed a high fat diet and four a low 
fat diet of the same caloric value per kilogram 
body weight. All animals were kept anemic for 4 
to 6 months by repeated bleedings, which were of 
equal magnitude for each pair of animals consist- 
ing of a control and an experimental dog’. 

In the fat fed dogs there were only some sugges- 
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tions that the anemia was more severe, and re- 
covery from the anemia delayed. However, au- 
topsy examinations of the femurs revealed a more 
active and more extensive red bone marrow in the 
fat fed animals, indicating that a high fat diet 
taxes the hematopoietic activity of the bone mar- 
row more than does a low fat diet, in the recovery 
from hemorrhagic anemia. 

Several physiological functions during rest and 
exercise in normal subjects, patients with pul- 
monary silicosis, and patients with pulmonary 
siderosis. NorBerT ENzeR (by invitation) 
and Ernst Simonson. Research Laby., Mount 
Sinai Hospital, Milwaukee. In a group of normal 
subjects (varying from 8 to 100 for different 
functions), 15 patients with siderosis (deposition 
of iron in the lungs without fibrosis, but with x-ray 
pictures similar to those in silicosis) and 8 patients 
with silicosis, the following functions were investi- 
gated: endurance in dynamic work (lifting loads) 
and static work; muscle strength in backmuscles, 
arm extensors and handgrip; pulse rate during and 
after dynamic and statis exercise; fusion frequency 
of flicker during rest and after exercise; maximum 
tapping rate; vital capacity; minute pulmonary 
ventilation at rest in sitting and standing position, 
during and after dynamic and static exercise; 
maximum voluntary pulmonary ventilation; rela- 
tive pulmonary reserve (maximum ventilation 
minus highest minute volume during exercise) ; co- 
efficient maximum pulmonary ventilation: vital 
capacity; coefficient excess ventilation: m-kilo 
dynamic exercise; coefficient excess ventilation 
per second static exercise. No statistically signifi- 
cant difference between the normal group and the 
siderosis group was found in any function while 
the silicosis group showed significant depression 
of vital capacity, maximum pulmonary ventila- 
tion, relative pulmonary reserve, endurance in 
dynamic and static work. A far greater percentage 
of patients with silicosis than of patients with 
siderosis showed an individually significant de- 
pression of functions compared to the normal 
limits. 

The effect of electric shock therapy on gastric 
contraction and gastric secretion. Dorotuy 
Ferrer (introduced by Helen Coombs). New York 
State Psychiatric Inst., New York. During electric 
shock therapy, fifteen psychotic patients were 
studied to find what effect electric stimulation 
might have upon the stomach movements. While 
the patient underwent a grand mal seizure as a 
result of having an electric current passed through 
the head, changes in intragastric pressure were 
recorded by the balloon method. A rise in intra- 
gastric pressure lasting thirty to forty seconds 
immediately followed the application of shock. 
In most cases a second rise of pressure followed 
the first and lasted seven to forty-eight seconds. 


During the seizure, a pneumograph recorded the 
contraction of the abdominal muscles. Because the 
twitchings of these muscles and the recorded rise 
of intragastric pressure were not synchronous, it 
was assumed that the increase was due to contrac- 
tion of the stomach wall. This might have been due 
to vagus stimulation. 

In fourteen psychotic patients with low fasting 
gastric juice acidity, nine showed an increase in 
secretion of acid gastric juice following the induc- 
tion of a grand mal attack by electric shock 
therapy. The average increase for free acid was 
from 0 to 25, and the total acid increase was from 
five to forty. The figures represent cubic centime- 
ters of 1/10 normal NaOH necessary to neutralize 
100 cc. gastric juice. In five such patients no sig- 
nificant change occurred. The increase in secretion 
and acidity which followed application of electric 
shock in the majority of the patients implies ac- 
tivity of the vagus nerve as a result of the therapy. 

The effects of nicotine on urinary secretion. 
Ernst Fiscuer. Dept. of Physiology, Medical Col- 
lege of Virginia, Richmond. In dogs, in dial or 
ether narcosis, blood pressure and secretion rate 
of the urine and its electric conductivity were 
recorded continuously. The blood pressure effect 
of nicotine can be triphasic. The middle phase, 
the main effect, is the increase in pressure, which 
is not affected by the choice of the anesthetic. The 
first phase, an initial drop, is suppressed by ether. 
The third phase, a secondary drop not affected by 
the anesthetics, occurs only after large doses. The 
renal effect is not distinctly influenced by anes- 
thetics but is dependent on the functional state 
of the kidneys. The effect is practically nil for 
poorly secreting kidneys. If the kidneys are form- 
ing urine at a moderate rate, this rate will be in- 
creased by nicotine after the blood pressure has 
returned to normal level. This increased secretion 
which after large doses lasts for more than half 
an hour, is not accompanied by distinct changes 
in electrolyte concentration. During water or caf- 
feine diuresis, the nicotine effect is expressed much 
more by an increased electrolyte content than by 
an increase in volume. During Nacl or Na2SQ, 
diuresis, the nicotine effect is more or less sup- 
pressed, probably because the kidneys are already 
performing maximal work. 

The straight part of the curve showing the rela- 
tion between magnitude of effect and log of the 
nicotine doses has a much steeper slope for the 
blood pressure increasing effect than for the diu- 
retic effect. This might suggest that the latter is 
completely independent of the former. However, 
if in analogy to LD» that dose is calculated which 
will produce 50% of the maximal possible effect, it 
becomes evident that this dose is about the same 
for both effects. 

The birefringence of striated and smooth mam- 
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malian muscles. Ernst Fiscuer. Dept. of Physi- 
ology, Medical College of Virginia, Richmond. The 
birefringence of isolated living fibers of mam- 
malian skeletal muscles (dog, rabbit, cat, mouse) 
is somewhat greater than the values reported for 
frog muscles. In twenty experiments, in which the 
birefringence of the whole rectus abdominis of 
small mice was determined at maximal natural 
length and for 10 and 20% stretch, the mean values 
were (expressed in 10? mm. phase difference per 
mm. thickness) 2.62 + .02, 2.68 + .02, and 2.72 + 
03 respectively. In contrast to the marked effect 
of stretch upon the birefringence of smooth averte- 
brate muscle, this increase is rather small for 
‘skeletal muscle as was demonstrated also on iso- 
lated fibers fixed in formalin at various lengths. 
Analysis of the birefringence of the fixed fibers of 
various muscles with the method of Noll and 
Weber revealed that, as in striated frog muscle, 
the refractive index of the extracellular phase is 
1.55 and that 70% of the total birefringence is due 
to form birefringence and 30% due to crystalline 
birefringence. No difference in birefringence exists 
between striated fibers of the oesophagus and true 
skeletal muscles. 

Corresponding analysis for mammalian smooth 
muscles (retractor penis, intestinal muscular 
coats) demonstrated that birefringence increases 
continuously and at a high rate with stretch. The 
ratio between form and crystalline birefringence is 
smaller than for striated muscles, but not so low 
as for smooth avertebrate muscles. The refractive 
index of the extra-micellar phase of 1.53 is just 
between 1.51 as found for smooth avertebrate mus- 
cle and 1.55 as found for vertebrate striated 
muscle. 

The protection against serine injury by dietary 
factors, especially pyridoxine. WiLti1am H. Fisu- 
MAN and CAMILLO ArRTom (introduced by Arthur 
Grollman). Dept. of Biochemistry, Bowman Gray 
School of Medicine, Winston-Salem, N. C. It has 
been previously shown by us (J. Biol. Chem. 145: 
345, 1942) that a high mortality, accompanied by 
demonstrable pathological lesions occurs following 
serine administration by stomach tube in rats 
maintained on an experimental and not in those 
on the stock diet. In the present experiments, a 
similar synthetic diet has been employed, except 
that B-vitamins were omitted. 

When serine was given parenterally, effects simi- 
lar to those obtained by stomach tubing were ob- 
served. On the other hand, the same amount of 
serine mixed in the diet was harmless. It is sug- 
gested that the ratio between the rates of absorp- 
tion and elimination of the aminoacid is an essen- 
tial factor in the production of the injury. 

A high degree of protection against the injurious 
action of serine comparable to that in rats on the 
stock diet is obtained by the addition to the diet 


of choline, cystine and glycine, together with the 
injection of a mixture of most of the known B-vita- 
mins. When these substances were tested individu- 
ally, only pyridoxine exerted a significant protec- 
tive action. Therefore, it is tentatively syggested 
that pyridoxine may be involved in some phases of 
the metabolism of serine. [Aided by a grant from 
the John and Mary R. Markle Foundation.] 

Studies on the hypercholesterolemia of immature 
fowl induced by estrogens. WALTER FLEISCHMANN 
and Inse A. Friep (by invitation). Dept. of Pedi- 
atrics, John Hopkins Univ. School of Medicine. 
Total body cholesterol and Serum cholesterol were 
determined in immature chickens of both sexes 
treated with estradiolbenzoate and in untreated 
controls. The average serum cholesterol of the 
treated birds was 267 + 48 mg. %; that of the 
untreated controls 114 + 21 mgm. per cent. 
The average cholesterol content of the exsangui- 
nated bodies was 0.19 + 0.01 per cent of body- 
weight for both groups. These data indicate that 
estradiol influences the shift of cholesterol from 
the tissues to the blood plasma. [t has been shown 
previously in rodents that thyroxine influences 
the shift of cholesterol from the blood plasma to 
the tissues. (Fleischmann and Shumacker, Bull. 
Johns Hopkins Hosp. 71: 175, 1942). It was there- 
fore assumed that thyroxine and estradiol influ- 
ence the distribution between blood plasma and 
the tissues in opposite directions. In accordafice 
with this theory it was found that the hypercholes- 
terolemia produced in birds by injection of 1 mg. 
estradioldipropionate daily could be inhibited 
completely by simultaneous administration of 1 
mg. of thyroxine daily. The levels of calcium in 
the serum follow the trend of serum cholesterol 
closely. As an example, the data of one representa- 
tive experiment on three immature roosters are 
given: Untreated control: serum cholesterol 112 
mgm. per cent Ca 10.7 mgm. per cent. Bird treated 
with 1 mgm. of estradioldipropionate intramuscu- 
larly daily through five days: serum cholesterol 
251 mgm. per cent, Ca 41.3 mgm. per cent: Bird 
treated with 1 mg. thyroxine subcutaneously daily 
in addition to the same dose of estradioldipro- 
pionate: serum cholesterol 112 mgm. per cent, Ca. 
11.5 mgm. per cent. [Aided by a grant from the 
Commonwealth Fund. The hormones were kindly 
supplied by Roche-Organon Inc., Nutley, N. J.) 

Radioactive phosphorus uptake in the liver, kid- 
ney and intestine of the mouse. R. PHyLuis Fox (by 
invitation) and CHar.es D. Kocwak1an. Dept. of 
Vital Economics, Univ. of Rochester, Rochester, 
N. Y. Astudy was made of the effect of castration 
and testosterone propionate administration on the 
soft tissues of mice of the dba strain. 

At the age of one month, animals were divided 
into four groups as follows: (a) normal (b) castrate 
(c) normal implanted with pellet of testosterone 
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propionate (d) castrate implanted with pellet of 
testosterone propionate. 

After 5, 7, and 9 months, animals from each 
group were sacrificed for the determinations. 

Twenty-four hours before sacrifice, radioactive 
phosphorus was injected intraperitoneally as di- 
sodium phosphate. 

As shown by P®? determinations, the uptake of 
PO, by the liver was unaffected by castration or 
hormone administration. The kidney was similarly 
unaffected. In the case of the intestine, however, a 
marked depression of the uptake occurred at 7 
months in castrated animals as compared with 
normal mice. This effect depended on the time of 
castration of the animals. 

The effect of castration and testosterone pro- 
pionate administration on the phosphorus metabo- 
lism of the pelves and femurs of the mouse as deter- 
mined by radioactive phosphorus studies. R. PHyt- 
tis Fox (by invitation) and CuHaries D. Ko- 
CHAKIAN. Dept. of Vital Economics, Univ. of Roch- 
ester, Rochester, N. Y. Mice of the Murray-Little 
dba strain were divided into four groups as fol- 
lows: (a) normal (b) castrate (c) normal implanted 
with pellet of testosterone propionate (d) castrate 
implanted with pellet of testosterone propionate. 
Castration and implantation was done at one 
month of age. Animals from each group were killed 
by decapitation after 5, 7, 9 months. Twenty-four 
hours before autopsy radioactive phosphorus was 
injected intraperitoneally as the disodium phos- 
phate. After fat extraction and glycol ashing, the 
uptake of P32 by the femurs and pelves was meas- 
ured in the usual manner. 

The femurs and pelves of the castrated mice con- 
tained more radioactive phosphorus than those of 
the normals, whereas the femurs of the treated 
mice showed values similar to those of the normals. 
These effects were found at 5, 7 and 9 months. 

The femurs and pelves of the castrated mice 
were longer than those of the normals, while the 
latter, in turn, were longer than those of the 
treated animals. 

There was no difference in either ash content or 
calcium and phosphorus content as a result of 
castration or hormone administration. 

The utilization of sodium iron pyrophosphate by 
anemic rats. SMITH FREEMAN and M. W. BurriLu 
(by invitation). Dept. of Physiology, Northwestern 
Univ. Medical School, Chicago, Ill. A difference of 
opinion exists regarding the utilization of sodium 
iron pyrophosphate by anemic rats. The question 
is of considerable importance inasmuch as this 
compound is used for enriching white flour. To 
study this question rats were made anemic accord- 
ing to the technique of Elvehjem and Kammerer. 
The depleted rats were divided into two groups of 
10 each, comparable as to sex, litter, weight and 
hemoglobin. Both groups received 0.25 mg. of iron 


daily, one as ferric chloride and the other as so- 
dium iron pyrophosphate; also supplements of 
copper and manganese. 

The initial hemoglobin values per 100 cc. were 
3.07 gm. and 3.04 gm. for the ferric chloride and 
pyrophosphate groups respectively. After 28 days 
on the iron supplements the average hemoglobin 
values were 13.72 gm. for ferric chloride and 7.80 
gm. for pyrophosphate. The hemoglobin increase 
for the pyrophosphate was therefore 44.6 per cent 
that of the ferric chloride group. 

The average total iron content of the carcass was 
5.83 mg. for ferric chloride and 3.25 mg. for pyro- 
phosphate. The average iron content of a depleted 
rat is approximately 1 mg. Correcting the final iron 
content for this amount, the percentage of in- 
gested iron retained was 69 per cent for ferric 
chloride and 32 per cent for sodium iron pyro- 
phosphate. 

Under the conditions of this experiment the 
utilization of sodium iron pyrophosphate was a 
little less than half that of the ferric chloride iron. 
[This study was assisted by a grant from the Victor 
Chemical Works.]} 

Seasonal changes in water content and oxygen 
consumption in brain of the black bass. FReEp- 
ERICK A. FUHRMAN (by invitation) and JoHN 
FIELD 2p. Dept. of Physiology, Stanford Univ. The 
influence of temperature on the metabolism of the 
excised brain of the black bass (Huro salmoides) 
was described previously (Physiol. Zool., in press). 
These measurements were made on summer fish 
(habitat temperature 22°-24°C). To ascertain 
whether the effect of temperature on the oxygen 
uptake of this tissue would vary with season, a 
similar study has now been made on the brain of 
the same species taken during the winter (habitat 
temperature 12° to 16°C). 

On a wet weight basis the Qoe of the brains of 
the winter fish (similar body sizes) averaged about 
20 per cent higher than the Qoz of the brains of 
summer fish over the range 10° to 30°C. The mean 
water content of the brain of the summer fish was 
82.23 per cent, that of the winter fish was 79.59 per 
cent (10 determinations on each). The difference 
between these means is sgnificant (P = 0.001). If 
the Qoz is calculated on a dry weight basis there is 
no significant difference in Qoz, at corresponding 
temperatures, between the brains of winter and 
summer animals of this species. [Supported in part 
by a grant from the Markle Foundation.] 

Influence of temperature on the respiration of ex- 
cised rat ventricle tissue. GERALDINE J. FunR- 
MAN (by invitation) and JoHn Frevp 2d. Dept. of 
Physiology, Stanford Univ. Few values of the oxy- 
gen consumption of isolated cardiac tissue appear 
in the literature and these few indicate consider- 
able variability even between samples taken from 
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one animal. The Qo: is rather low, ranging from 
0.6 to 7.4 (dry weight basis). 

In our experiments ventricular tissue (rat) was 
sliced to a thickness of about 0.2 mm. using a lucite 
template and razor. Oxygen consumption was 
measured by the direct method of Warburg. The 
liquid and gas phases were Ringer’s-glucose- 
phosphate and oxygen respectively. The results of 
measurements made at graded temperatures are 
given in the following table. 


Temperature (°C.) 10° 15° 20° 25° 30° 35° 37.5° 40° 
No. of animals 3 3 3 3 7 § 17 3 
Mean Qo: (dry) 0.9 2.0 3.2 5.2 6.8 8.4 10.4 8.35 


At 37.5°C the mean Qoe of samples from 17 ani- 
mals was 10.4. The standard error of the mean was 
0.13. The graph obtained when mean Qo: was plot- 
ted as a function of temperature in general resem- 
bled similar curves for other tissues. However, 
under the conditions of these experiments Qo2 was 
not a linear function of temperature (centigrade) 
and log Qoz was not a linear function of either 
centigrade temperature or of the reciprocal of the 
absolute temperature over any considerable range. 
In these respects the Qo, temperature curve resem- 
bles the frog heart rate-temperature described by 
A. J. Clark (1920). [Supported in part by grants 
from the Markle Foundation and from the Fluid 
Research Fund, Stanford Medical School.| 

The effect of thyroxin on water diuresis and water 
intoxication in the rat. Roperr Gaunt. Dept. of 
Biology, Washington Square College of Arts and 
Science, New York Univ., New York, N. Y. Hy- 
perthyroidism was produced in rats by the 
administration of 0.2 mg. thyroxin daily for about 
three weeks. These animals showed a daily water 
intake and urine output approximately 100% 
above normal. 

‘They also showed after fasting an increased di- 
uretic response to water given either in small or 
large doses by stomach tube. A striking protection 
against the lethal effects of water intoxication 
resulted. 

Water intoxication was produced in normal rats 
by the administration of 13 doses of water et half- 
hour intervals. The dose was 3 cc per 100 sq. cm. of 
body surface (this approximates 5% of the body 
weight). Severe intoxication symptoms always re- 
sulted and death occurred in about 60% of the 
cases. 

Hyperthyroid rats, given the same amounts of 
water, were markedly resistant to all of the symp- 
toms of water intoxication (see above abstract) 
and the occasional deaths were apparently due to 
other causes (cardiac failure?). Most notable, per- 
haps, was the ability of hyperthyroid animals to 
excrete tremendous volumes of water of low chlo- 
ride content, thus maintaining their plasma levels 
of this ion. 


The protective action of thyroxin was largely 
abolished by adrenalectomy. The intense adrenal 
cortical stimulation induced by thyroxin, how- 
ever, probably does not account for all of the ef- 
fects on water metabolism. [Aided by a grant from 
the Josiah Macy, Jr., Foundation.) 

Water diuresis and water intoxication in relation 
to the adrenal cortex. Ropert Gaunt. Dept. of 
Biology, Washington Square College of Arts and 
Science, New York Univ., New York, N. Y. After 
adrenalectomy diminution in water diuresis occurs 
with a susceptibility to water intoxication. This 
appears within 18 hours and becomes more severe 
later even in animals maintained on cortical hor- 
mones or salt. One day after adrenalectomy rats 
respond readily to replacement therapy; later the 
response is erratic. . 

The diuretic response to intraperitoneal saline 
solutions is also subnormal after adrenalectomy. 

Two separable factors cause the lack of water 
diuresis in adrenalectomized rats: 1, a delayed in- 
testinal absorption and emptying of the stomach; 
and, 2, an inability to excrete water that is ab- 
sorbed. 

Normal rats can be protected from lethal water 
intoxication by cortical hormones. 

Adrenalectomized rats show a sharp rise in 
hematocrit, some elevation of hemoglobin, and a 
severe fall in plasma chloride and protein after 
even small doses of water. The urine chloride loss 
is small and the plasma drop is due partly to a 
shift to the gut. 

The terminal hematocrit rise in both normal and 
adrenalectomized rats is such as to suggest eryth- 
rocyte swelling. The fall of plasma chloride is less 
in normal than in adrenalectomized animals, al- 
though the urinary loss is greater. The blood 
sugar rise in normal rats is due to adrenal medul- 
lary activity. 

Blood pressure is well maintained in both normal 
and adrenalectomized rats. 

Body temperature falls sharply giving an excel- 
lent measure of the extent of water intoxication in 
both normal and adrenalectomized rats. [Aided by 
a grant from the Josiah Macy, Jr., Foundation.} 

The effect of hypertensin in renal hypertensive 
dogs. M. L. Go_pBere (by invitation) and G. E. 
WaKERLIN. Dept. of Physiology, Univ. of Illinois 
College of Medicine. Previous reports from our 
laboratory have dealt with the antipressor effect 
of daily intramuscular injections of hog kidney 
extracts containing renin in renal hypertensive 
dogs. Since the antirenin produced by these injec- 
tions does not appear to constitute the mechanism 
of the antihypertensive effect, we investigated the 
possibility that an ‘“‘antihypertensin’’ might be 
involved. Since hypertensin is probably a poly- 
peptide, its ability to produce an “antihyper- 
tensin’’ was questioned but vasopressin which is a 
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polypeptide has been shown to give rise to an 
“antivasopressin’”’ (Am. J. Physiol., 183: P. 341, 
1941). 

Accordingly hypertensins were injected intra- 
muscularly into eight renal hypertensive dogs, in 
a dose of two units per Kg. daily for five months 
(one unit giving a 25-30 mm. rise in blood pressure 
in a 10 Kg. dog). Each pair of animals received a 
different hypertensin (prepared according to the 
method of Houssay and his group) i.e., two dogs 
received hypertensin prepared by incubating hog 
renin with hog serum hypertensinogen, two dogs 
received hypertensin prepared by incubating dog 
renin with dog serum hypertensinogen, and the 
remaining two pairs were given hypertensins pre- 
pared by incubating dog renin with hog serum 
hypertensinogen and by incubating hog renin with 
dog serum hypertensinogen, respectively. 

No significant change in the blood pressure was 
noted in the eight dogs during or following the 
daily injections of the hypertensins. Assays of 
the serums of the dogs during and after the hyper- 
tensin injections failed to reveal the presence of 
“anti-hypertensin,’’ which was likewise true for 
hypertensive dogs successfully treated with hog 
renal extract containing renin. 

The results suggest that the antihyperterisive 
effect of hog renal extracts containing renin does 
not operate through a hypertensin-antihyper- 
tensin mechanism. [Aided by a grant from the John 
and Mary R. Markle Foundation.] 

Effects of thiourea administered to mothers on 
the thyroid gland of the suckling rat. E. D. Goup- 
| sMitH (by invitation), ALBERT S. Gorpon and 
Harry A. CHarippEr, Dept. of Biology, Washing- 
ton Square College of Arts and Science, New York 
Univ. Rats, suckled by mothers maintained on a 
laboratory stock diet containing 0.5% thiourea, 
were sacrificed at periods varying from 4 to 24 days 
after birth. The thyroids of these young rats were 
found to be hyperemic and enlarged. The degree 
of hyperplasia varied directly with the duration of 
treatment. Representative cases are shown in 
table 1. Control rats from untreated mothers pos- 


TABLE 1 





Post- 
partum 
treatment 
(in days) 


Weight of 
thyroid 
(in mgm.) 


Pre-partum 
treatment 
(in days) 


Weight 
of animal 
(in gm.) 


Litter 








5.0 
7.5 
10.0 
10.0 
5.5 
14.0 
21.0 

















sessed considerably smaller glands (e.g., 17-18 
gram rats, 3 mgm. thyroids; 45 gram rats, 5.0 mgm. 
thyroids). 


The relative importance of the pre- and post- 
partum periods in the production of this thyroid 
hyperplasia in suckling young, and whether or not 
the enlargement is brought about by the thiourea 
directly or through the action of the thyrovropic 
hormone of the mother are being investigated. 

Rate of disappearance of pregnant mare serum 
gonadotropin injected into the rat. ALBERT S. Gor- 
pON. Dept. of Biology, Washington Square College 
of Arts and Science, New York Univ. The anti- 
hormone technique of Zondek, Sulman and Sklow 
(J. Endocrinology, 2: 1941, 362) was employed in 
determining the rate of disappearance of pregnant 
mare serum hormone following a single injection. 
Each of 150 immature female rats was given a sub- 
cutaneous injection of 10 Cole-Saunders units of a 
highly purified pregnant mare serum gonado- 
tropin. These animals were then divided into 5 
groups and the rats of each group injected subcu- 
taneously with varying quantities of antihormone 
serum 1, 5, 12, 24 and 36 hours after administration 
of the gonadotropin. All rats were sacrificed 6 days 
after injection of the hormone and the ovarian 
weights recorded. The antihormone serum was 
highly potent and was obtained from rabbits in- 
jected with the purified pregnant mare serum 
gonadotropin for 5 months. Using the magnitude 
of the ovarian weights as the criterion, it was 
found that there was little change in the value of 
the minimal amount of antiserum required to 
abolish the effects of the hormone up to 24 hours 
after injection of the gonadotropin. Beyond this 
time (i.e., 36 hours) the method is not applicable 
since now the antihormone is ineffective in pre- 
venting the gonadotropic action. 

These results would seem to indicate that no 
appreciable decrease in the amount of physio- 
logically active pregnant mare serum gonado- 
tropin occurs in the organism for at least 24 hours 
following its injection. On the other hand, it has 
been shown that chorionic gonadotropin (P.U.) 
suffers at least a 50 per cent decrease in activity 
1-4 hours after its injection (Zondek et al.). 
[Thanks are extended to Dr. Erwin Schwenk, 
Schering Corporation, for the supply of purified 
pregnant mare serum hormone.]} 

Effect of organs on the activity of thyrotropic 
hormone. ALBERT S. GorDOoN, Savino A: 
D’ANGELO! (by invitation) and Harry A. 
CHaripPER. Dept. of Biology, Washington Square 
College of Arts and Science, New York Univ. 
Thyrotropic hormone (antuitrin T), dissolved in 
isotonic Brinkman’s buffered solution, was incu- 
bated with slices of various organs at 38°C. At the 
end of 2 hours, the materials were centrifuged and 
the supernatant fluids assayed for thyrotropic 
hormone content in 340 young Fana pipiens larvae 


1 Now Aviation Physiologist, MacDill Field, Tampa, Florida. 
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according to the method of D’Angelo, Gordon and 
Charipper (Endocrinology, 29, 1942, 217). All tad- 
poles received 7 injections of 0.05 ce of the fluids 
pleuroperitoneally over a period of 14 days. Using 
the rate of hind limb growth, body weight loss, and 
time of forelimb extrusion as criteria, a definite 
augmentation of the thyrotropic hormone activity 
was observed with both liver and kidney. In one 
experiment this augmentation amounted to ap- 
proximately 400 per cent. Skeletal muscle was 
without effect; small intestine always produced 
inhibition of the thyrotropic hormone. 

These organs have already been reported to 
exert substantially similar effects on the activity 
of pregnant mare serum gonadotropin (Gordon 
and Levenstein, Anat. Rec., 1941, 81, 100). 

Relation of electroencephalographic effects of 
hyperventilation to parasympathetic function. JoHN 
R. GREEN (by invitation), CoesteR W. Darrow, 
Epwarp W. Davis (by invitation) and Huex W. 
GAROL (by invitation). Depts. of Neurology, Neu- 
rological Surgery,and Psychiatry, Illinois College of 
Medicine, and Institute for Juvenile Research, Chi- 
cago. Association of high potential slow waves with 
increased heart rate induced by hyperventilation 
snggested that inhibition of parasympathetic ac- 
tivity might affect the brain. This was tested by 
section of the parasympathetic pathway over fa- 
cial nerve, geniculate ganglion, great superficial 
petrosal and internal carotid nerves. 

The geniculate ganglion of the facial nerve was 
exposed in cats under ether. Animals were then 
curarized with B-erythroiden and given artificial 
respiration. After section of one or both facial 
nerves the high potential slow activity precipi- 
tated by two minutes of hyperventilation was 
greatly exaggerated. Stimulation of the peripheral 
cut nerve ends reduced or prevented the slow 
waves. Two animals failed to produce slow waves 
after both nerves were cut, suggesting irritation 
at the cut ends, and when these were injected with 
alcohol, hyperventilation produced typical slow 
waves in the EEG. 

Hence, parasympathetic impulses via the facial 
nerve counteract the alteration of cortical activity 
produced by effects of hypocapnia. 

A respiratory reflex response to cold in the goat. 
ALBERT J. GREENBERG (by invitation), WILLIAM 
KE. PETERSEN (by invitation) and M. B. VisscHErR. 
Depts. of Physiology and Dairy Husbandry, Univ. 
of Minnesota. The goat and other ruminants held 
at ordinary room temperatures in the dorsal re- 
cumbent position regularly show increased rates 
of breathing. The respiratory rate rises from 15 
per minute at the outset, to 100 to 150 per minute 
after one to five hours in the position described, 
when the animal is kept in a room at 20°C or above. 
This response has been observed in each of seven- 
teen animals so treated. In four cases, after ex- 


treme polypnea had developed and been main- 
tained for an hour or more, the animal was exposed 
to a temperature approximately 0°C. In each 
instance there was a prompt drop in respiratory 
rate, reaching 30-40 per minute within an hour. 
This response may be mediated through a vaso- 
motor reflex reaction to cold. A second series of 
experiments showed that massive intravenous 
infusion of physiological saline solution produces 
a similar fall in respiratory rate in goats showing 
the above-described postural polypnea. The cir- 
culatory embarrassment caused by maintenance’ 
of the dorsal recumbent ppsture in ruminants has 
been discussed previously. [Greenberg, Visscher, 
Petersen and Boyd; J. A. Vet. Assoc. 101, 417, 
1942.] 

Adrenocortical-like tissue in the ovaries of the 
adrenalectomized ground squirrel. R. A. Groat 
(introduced by W. F. Windle). Inst. of Neurology, 
Northwestern Univ. Medical School, Chicago. § 
Lessened food intake and inability to survive a 
fast are criteria of two different levels of adrenal 
insufficiency in the adrenalectomized ground 
squirrel. Adrenalectomy is fatal in most instances, 
but if the operated animal drinks 1% sodium | 
chloride solution, its food intake is maintained 
and it survives. At a variable time after adrenalec- 
tomy (minimum, 15 days for the female) 1% 
sodium chloride solution can be replaced by water 
and the animal will continue to eat. Later, 3 or 4 
months after operation, it will survive a fast. The 
gradual adjustment in response to removal of the 
adrenals has been shown to be formation of adreno- 
cortical-like tissue in the animal. This tissue grows 
most readily in the ovaries. 

Cells functionally ,and morphologically like 
those of the adrenal cortex invariably develop in 
the ovaries of the young and the mature adrenalec- 
tomized ground squirrel. These adrenocortical- 
like cells arise by metaplasia from stromal cells 
in the ovaries and from mesenchymal-like peri- 
epoophoron cells in the mesovaria. Eventually 
sufficient adrenocortical-like tissue accrues to 
maintain the animal] in a normal state. 

The physiological evidence for the identity of 
the adrenocortical-like cells is threefold. First, 
the tissue was found in the ovaries of all adrenalec- 
tomized ground squirrels but not in the ovaries 
of any intact animals. Secondly, removal of the 
hypophysis prevented appearance of adrenocorti- 
cal-like cells in the ovaries after adrenalectomy. 
Thirdly, the state of adrenocortical insufficiency 
ameliorated as the amount of adrenocortical-like 
tissue in the ovaries increased. 

Functional alterations in motor and supranuclear 
mechanisms in experimental concussion. R. A. 
Groat (by invitation), H.W. Macoun, F. L. Dey 
(by invitation) and W. F. Wi1np.E. Inst. of Neu- 
rology, Northwestern Univ. Medical School, 
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Chicago. Concussion was produced by applying 
adequate force to the cat’s brain by means of a 
pendulum striking the head or by means of an 
hydraulic system connected with the interior of 
the cranium. Respiration ceased; the canthus, 
pupillary-light, startle and pinna reflexes dis- 
appeared; the pupils dilated and the nictitating 
membrane retracted. Electrical stimulation 
within the brain by means of fine electrodes placed 
with the Horsley-Clarke instrument revealed that 
excitability of the intra- and extra-cranial portions 
of the cranial motor nerves and of the descending 
fibers from the cerebral cortex in the basis 
pedunculi were unimpaired in concussion. Excita- 
bility of nerve-cell groups comprising cranial 
motor nuclei was impaired less frequently, to a 
smaller degree and for shorter intervals than ex- 
citability of supranuclear motor parts, such as 
brain-stem tegmentum, hypothalamus and motor 
cortex. The inspiratory center of the medulla 
oblongata behaved much like a cranial motor 
nucleus. Cessation of respiration and abolition of 
reflexes appeared not to be motor defects. Con- 
cussional alterations in function set in at the 
moment concussion was produced and functional 
‘recovery occurred gradually. A_ brief, - often 
momentary, excitatory effect on motor neurons, 
apparently correlated with decreased thresholds, 
was sometimes observed upon concussion. [The 
work described in this paper was done under a con- 
tract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research 
and Development and Northwestern Univ.]} 

The reduction of blood pressure in experimental 
hypertension by the administration of oxidized 
marine oils. ARTHUR GROLLMAN. Dept. of Medicine, 
Bowman Gray School of Medicine of Wake Forest 
College, Winston-Salem, N. C. In confirmation 
of our earlier reports (Proc. Soc. Exper. Biol. 
and Med. 52: 162, 1943; Fed. Proc. 2: 81, 1943) the 
oral administration of various marine oils after 
mild oxidation results in a reduction of the blood 
pressure of hypertensive animals (rats, dog). 
About 30 commercially available marine oils have 
been compared as regards their efficacy, which 
varies widely in oils of diverse origin. Oils derived 
from the basking shark’s liver, the cod’s liver, and 
sardine body oil have proved to be most efficaci- 
ous. Oil derived from a fresh-water species (the 
burbot) was inactive. By chilling the crude oils 
and centrifuging at 5° to 10°C, it is possible to 
effect an approximately three-fold concentration 
of the active principle. Fractionation between 
aqueous alcohol and petroleum ether effects a 
further concentration. Preliminary chemical 
studies point to the active principle as being an 
oxidation product of a fatty acid. There is no cor- 
relation between the original vitamin A content 
of the various oils tested and their potency as 


regards their capacity to reduce blood pressure 
following oxidation. [Aided by grants from the 
John and Mary R. Markle Foundation and from 
Mr. Joe Wethan.] 

The effect of jejunal pedicle grafts and perfusion 
with jejunal washings on the secretion of acid by 
the total stomach pouch of the dog. M. I. Grossman 
(by invitation), Harry GREENGARD, JEAN REA 
Woo .tey (by invitation) and A. C. Ivy. Dept. of 
Physiology, Northwestern Univ. Medical School, 
Chicago. Andrus et al. (Annals Surg., 118: 499, 
1943) have reported that implantation of a jejunal 
graft with intact pedicle into the wall of the stom- 
ach produces a reversal of the normal response of 
the gastric glands to histamine stimulation, i.e., 
histamine causes a decrease in acid secretion by 
the stomach. This same report states that acid 
concentration in response to histamine stimula- 
tion is depressed by placing saline washings of a 
Thiry loop of jejunum into the stomach and allow- 
ing it to remain in contact with the gastric mucosa 
for 10 minutes, removing the washings at the time 
of histamine injection. 

The present experiments were designed to study 
these phenomena quantitatively by the use of 
dogs with pouches of the entire stomach. In two 
such animals a segment of the first loop of jejunum 
6-8 cm. long was resected, opened along its anti- 
mesenteric border and sewn into a gastrotomy. 
The pedicle of the jejunal segment was permitted 
to remain intact and in one case its integrity was 
proven by abdominal exploration one month after 
the original operation. Comparison of ten pre- 
operative control histamine tests with ten tests on 
each animal performed 2 to 10 weeks postopera- 
tively revealed no significant difference in the 
volume of secretion, concentration or output of 
free acid, or per cent of total acid occurring as free 
acid. 

Fifty cc. of saline was perfused through the 
duodenum and first foot of jejunum in 5 dogs 
under nembutal anesthesia. Fifty cc. of the pooled 
jejunal perfusate was perfused through the total 
gastric pouch of each of 6 dogs for 20 minutes. 
Comparison of the response to histamine stimu- 
lation immediately after perfusion with control 
tests without perfusion revealed no significant 
deviations. 

The phenomena reported by Andrus et al. for the 
in situ stomach of the dog could not be reproduced 
in the pouch of the entire stomach. 

Gastric analyses on Mann-Williamson dogs 
following enterogastrone treatment. M. I. Gross- 
MAN (by invitation), Harry GREENGARD, JEAN 
Rea Woo..ey (by invitation) and A. C. Ivy. 
Dept. of Physiology, Northwestern Univ. Medical 
School, Chicago. It has been noted that Mann- 
Williamson dogs show a prolongation of the gastric 
secretory response to a 7 per cent alcohol test 
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meal manifested by a failure of acid concentration 
to return to the basal level for as long as from 
four to six hours. Mann-Williamson dogs which 
have been protected from ulceration by the daily 
administration of enterogastrone concentrates for 
a period of one one year do not develop ulcers 
following withdrawal of treatment when observed 
for as long as two and one half years. Observations 
on these animals is continuing. Alcohol test meals 
when administered to these ‘‘immune’”’ dogs elicit 
the same response as that noted in normal, un- 
treated, unoperated dogs in that the secretory 
response returns to the basal level by the end of 
two hours. 

The mechanism of the prolonged response to 
alcohol in the untreated Mann-Williamson dog 
and its prevention by enterogastrone treatment is 
obscure. The beneficial effect of the upper in- 
testinal musocal extract may possibly be due to 
some factor other than the specific chalone entero- 
gastrone. [This study was assisted by a grant from 
the Josiah Macy Jr. Foundation.] 

The efficiency of contraction of isolated muscle 
during post-tetanic enhancement. S. A. GuTTMAN 
(by invitation) and McKeen Carre... Dept. of 
Pharmacology, Cornell Univ. Medical College, 


New York City. The possibility that the enhanced 
twitch response following a tetanus might be re- 


lated to an improvement in the efficiency of con- 
traction, i.e. the proportion of chemical energy 
converted to mechanical potential, was studied in 
the isolated sartorius muscle of the frog (Rana 
pipiens). 

Using an isometric technic with photographic 
recording for the tension (T) and a sensitive 
thermopile-galvanometer system for measuring 
the initial heat (H), the efficiency (T/H) was de- 
termined for individual twitches before tetanizing 
the muscle and in the period following. 

During the post-tetanic period of enhancement 
of the response there was at first a small decrease 
in efficiency (about 10 per cent) followed by a 


change in the opposite direction to a value about ° 


10 per cent above the pre-tetanic control. As the 
enhancement subsided the efficiency also returned 
to the pre-tetanic value. There was thus no regular 
relationship between the degree of enhancement 
and the efficiency, furthermore the T(H changes 
were small in relation to the increase in the me- 
chanical response. These facts lead to the conclu- 
sion that the enhanced twitch tension following a 
brief tetanus cannot be explained on the basis of 
a greater utilization of the energy liberated. 
Electromyography as a method for the determina- 
tion of level lesions of the spinal cord. SAMUEL A. 
GutTTMaN and Paut F. A. Hoerer (introduced by 
F. A. Mettler). Dept. of Neurology, Columbia 
Univ. College of Physicians and Surgeons, and the 
Neurological Inst. of New York. The method con- 


sists of a systematic exploration of resting striated 
muscles in man by means of coaxial needle elec- 
trodes. Spontaneous motor unit discharges may 
occur with or without atrophy of muscles when 
the spinal cord segments by which these muscles 
are supplied, are involved in structural level le- 
sions, such as intra- and extramedullary tumors, 
herniation of intervertebral discs, cyst, myelo- 
malacia and others. The recording instrument was 
a six-channel inkwriting oscillograph. Seventeen 
out of 24 lesions verified by operation, autopsy or 
roentgenographic studies were well localized by 
finding spontaneous motor‘unit discharges limited 
to the muscles innervated by the cord segments 


involved (14) or by coinciding upper levels (3) 


while motor unit discharges were found several 
segments below the verified lower boundary of the 
lesion. In one case the localization by electro- 
myography indicated a level one segment below 
the verified level. In 4 cases motor unit discharges 
were found over too many cord segments (though 
including the correct level) to allow for precise 
localization. Two false localizations were made. 
The data compare favorably with the localizing 
value of clinical motor, sensory and roentgeno- 
graphic data in the same series. The motor unit 
discharges are presumably the result of lesion or 
irritation (or both) of the anterior horn cell areas 
alone cr in combination with the internuncial 
neurone and the motor roots. 

The use of furmethide to test sweat secretion in 
man. SAMUEL A. GUTTMAN (introduced by F. A. 
Mettler). Neurological Inst. of New York and 
Dept. of Neurology, Columbia Univ. College of 
Physicians and Surgeons, New York. The use of 
drugs for the production of sweating has been 
limited chiefly to pilocarpine hydrochloride and 
mecholyl (acetylbetamethylcholine hydrochlo- 
ride). This method is of value in demonstrat- 
ing neural lesions, chiefly those involving 
peripheral nerves. Pharmacological doses of pilo- 
carpine or mecholyl too frequently induce un- 
pleasant side reactions. 

Furmethide (furfuryl-trimethyl-ammonium io- 
dide), a drug possessing parasympathomimetic 
action, was administered to 35 adult human beings 
by hypodermic injection of 5 mg. into the deltoid 
region on one or more occasions. The presence of 
sweating was indicated by the change in color of a 
starch-iodine mixture (Minor’s method). 

Furmethide was found to possess the following 
advantages over pilocarpine hydrochloride as a 
drug to test sweating in man: 

1. Sweat response of the face, upper extremities, 
thorax and abdomen usually appeared within 2-5 
minutes after hypodermic injection into the 
deltoid region. Response to pilocarpine (10-12mg. 
doses) was slower and in many instances there was 
no response. 
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2. Annoying side reactions following furmethide 
were rare and could be readily controlled with 
atropine sulfate. Side reactions following pilo- 
carpine were most frequent, more annoying and 
less readily controlled by atropine sulfate. 

Effects of blood pressure levels on intestinal 
motility. A. S. HamiiTon (by invitation), D. A. 
CoLuins (by invitation), and M. J. OPPENHEIMER. 
Dept. of Physiology, Temple Univ. School of Medi- 
cine, Philadelphia, Pa. Changes in intestinal 
motility were observed in intact, adrenalecto- 
mized, and nephrectomized dogs (chronic Biebl 
loops) subjected to prolonged, severe hypotension 
followed by re-injection of heparinized blood 
(pentothal-barbital or morphine-barbital anes- 
thesia). Intestinal recording was made from a 
balloon passed through the incised loop to the 
proximal duodenum. Two-hour control periods 
preceded bleeding. 

Initial blood loss of 20 ec. per kg. rarely in- 
fluenced tonus or peristalsis. Sharp reductions in 
tonus occurred when pressure reached 54-84 mm. 
At approximately 40 mm. peristalsis was usually 
abolished. Motility remained inhibited during 
hypotension maintained for 30-82 minutes at 30-40 
mm. During re-infusion of all blood previously 


removed, tonus returned at 40-50 mm.; peristalsis . 


appeared at 50-75 mm. At the height of the blood 
pressure rise, tonus and peristalsis often exceeded 
pre-bleeding levels. Eventually spontaneous, 
gradual falls in blood pressure occurred, though 
tonus and peristalsis remained unchanged or even 
increased until after death. After transfusion, 
however, marked drops in blood pressure, pro- 
duced by small blood losses, depressed tonus and 
peristalsis. 

In adrenalectomized dogs minimal or no reduc- 
tion in tonus or peristalsis occurred when pressure 
fell spontaneously or by hemorrhage to 30-40 mm. 
Peristalsis increased, and became abnormal in 
character, as hypotension continued. Re-injection 
of blood caused increase of tonus and peristalsis 
became more normal. As blood pressure fell again 
_ the high tonus was retained, and peristalsis be- 
came abnormal. Nephrectomized, or intact acutely 
laparotomized dogs required lower blood pressures 
to depress motility than intact chronic Biebl loop 
preparations. 

Influence of absorbents on the incidence and 
induction period of experimental liver tumors. 
A. H. Hanszen (by invitation) and W. A. SELLE, 
Dept. of Physiology, The Univ. of Texas, Medi- 
cal School, Galveston. In a preliminary report it 
Was indicated that montmorillonite, a natural 
white clay, has a high adsorption capacity for 
carcinogenic butter yellow (paradimethylamino- 
azobenzene). It was further shown that the inclu- 
sion of this adsorbent in a diet of butter yellow, 
fed to rats, decreased the onset of fatal liver 


tumors. During 175 days of the initial test period 
only 1 of 20 montmorillonite-fed animals de- 
veloped palpable liver tumors; 17 of 20 control 
rats developed such tumors and died within a few 
months. 

Further observation of the animals has now 
inicated that although the induction period of 
liver tumors was greatly increased by the addition 
of this absorbent to the carcinogenic diet, the 
tumor incidence was not altered. All animals re- 
ceiving the adsorbent eventually developed fatal 
liver tumors, but only after an induction period 
which was 50% greater than that of the controls. 

The results do not preclude the possibility that - 
with lower dosages of the carcinogen the incidence 
of such tumors might be lowered by feeding the 
adsorbent. 

Effect of urea peroxide on smooth muscle. 
JuaNnira THACKER Hart (by invitation) and W. 
A. SELLE. Dept. of Physiology, Univ. of Texas, 
Medical School, Galveston. Small amounts of 
urea peroxide, added to oxygenated Ringer’s 
solution bathing strips of guinea pig intestine, 
produce marked contractions, the duration and 
the extent of which vary with the amount added. 
The response is unaffected by previous treatment 
with atropine. 0.1 ce of al per cent solution, added 
to 100 cc of Ringer’s produces effects which are 
somewhat similar to those produced by histamine; 
the increased tonus, however, is not sustained as 
in the case of histamine, and the spontaneous con- 
tractions are eventually inhibited rather than 
augmented. As little as 0.05 cc of a 1 per cent solu- 
tion produces definite responses in the more sensi- 
tive segments. With repeated additions of the 
peroxide the tissue responds less and less. If the 
Ringer’s is changed after each addition, sensi- 
tivity is retained for eight or more applications. 

While the effects on guinea pig intestine are 
striking, those on the uterus are only slight; the 
chemical is entirely ineffective on smooth muscles 
of arteries and spleen of the dog. 

The stimulating effect of urea peroxide on the 
guinea pig intestine is apparently independent of 
changes in pH, for solutions neutralized with 
NaHCO; or NaeCO; are equally effective, as are 
slightly alkaline solutions. Nor is the effect due to 
urea itself, for strong solutions of the latter are not 
followed by typical responses. On the other hand, 
an equivalent amount of hydrogen peroxide pro- 
duces identical responses. 

On protection against fatal shock from burns by 
extracts of liver. H. O. Harerrus and ELIZABETH 
Guassco (by invitation). Dept. of Physiology, 
Wayne Univ. College of Medicine, Detroit, Mich. 
Attempts have been made to repeat the observa- 
tions of Prinzmetal et al. (1943), who reported 
that pretreatment with certain commercial prepa- 
rations of liver extract served to protect rats 
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against death from the shock resulting from burns. 
The procedure consisted essentially in the injec- 
tion intraperitoneally, one hour before burning, 
of Icc./gm. body weight of Lederle extract, repre- 
senting 15 U.S.P. antianemia units. Burning was 
produced by immersion, under ether anesthesia, in 
water at 70°C for 15 seconds. Mortality rates were 
observed during the ensuing 50-hour period, dur- 
ing which time food and water were withheld. 

Over 100 rats, to date, injected with extract 
have shown a 24.25 per cent mortality. A similar 
number of control animals, injected with equiva- 
lent quantities of saline solution, have averaged 
57.25 per cent mortality in the 50-hour period, 
and .uninjected control animals, 66.00 per cent 
mortality. 

The pattern of organization within the primary 
tactile area of the cerebral cortex of the cat. 
GerorcE J. Haynes (by invitation), and CLINTON 
N. Wootsey. Dept. of Physiology, School of Medi- 
cine, The Johns Hopkins Univ., Baltimore, Md. 
With the aid of electrical methods for detecting 
and recording cortical potentials evoked by dis- 
crete localized stimulation of tactile receptors in 
the skin.” a detailed study has been made of the 
pattern of representation in the primary tactile 
area of the cat’s cerebral cortex. The dorsolateral 
and medial aspects of the hemisphere were ex- 
plored in millimeter steps and the cutaneous area 
activating each point was carefully determined. 

The results show that the pattern of organiza- 
tion in the cat is fundamentally the same as that 
previously demonstrated in a similar study on the 
monkey (Woolsey, Marshall and Bard, Bull. Johns 
Hopk. Hosp., 1942, 70: 399-441). Pre- and post- 
axial surfaces of the hindlimb are represented 
respectively on the dorsal and medial aspects of 
the hemisphere, as in the monkey. There is also 
an “upper head” area, similar to that seen in the 
monkey, adjacent to the trunk area, and the de- 
tailed pattern within the face area of the two ani- 
mals is similar. In these and in other respects the 
intra-areal patterns of organization are compara- 
ble in cat and monkey. The chief differences to be 
found are in the relative amounts of cortex de- 
voted to different portions of the body surface. 

In accord with the earlier findings on the monkey 
we may conclude that in the cat, as in the monkey 
all spinal cord segments below Cs are projected to 
the cortex in their spinal sequence and that the 
cervical segments on projection are reversed 
en bloc. 

The effect of high vitamin C and B vitamin in- 
takes on the ability of man to work in hot environ- 
ments. AusTIN HENSCHEL (by invitation), HENRY 
LonGstREET TayLor (by invitation), OLar 
MICKELSEN (by invitation), Joser M. Brozex 
(by invitation) and ANceL Keys. Lab. of Physi- 
ological Hygiene, Univ. of Minnesota, Minneap- 


olis. Fifty-two normal young men were stud- 
ied for the critical period of the first 2 to 4 
days in the heat under rigidly controlled condi- 
tions of diet, work and environmental conditions. 
The temperature was 110-120°F. in daytime and 
85-90°F. at night. Relative humidity was 25-30 
per cent saturation. The daily vitamin supple- 
mentation, which was started 3 days before ex- 
posure to heat, was either 200 mgs. of ascorbic 
acid or 5 mgs. thiamine, 10 mgs. riboflavin and 100 
mgs. nicotinamide. The control groups received 
placebos identical in appearance. Pulse rates 
during work and recovery, blood pressure during 
work, rectal temperatures, Crampton blood ptosis 
tests, rate of sweating, water balance, strength 
tests, flicker fusion frequency, plasma protein, 
plasma chlorides and sweat composition were 
studied. The high vitamin intake had no beneficial 
effect on the physiological, biochemical or psycho- 
motor functions measured. The rate and degree of 
acclimatization, the incident of heat exhaustion 
and the ability to do hard work in the heat were 
not influenced by the vitamin supplementation 
contrary to the claims of others. [This work was 
supported in part under the terms of a contract (no. 
OEMcmr-220) between the Reagents of the Univ. 
of Minnesota and the Office of Scientific Research 
and Development. Support from other sources will 
be acknowledged in final publication.] 

The measurement of regional differences in the 
arterial blood flow in the skin. ALRickK B. HERtz- 
MAN. Dept. of Physiology, St. Louis Univ. School 
of Medicine. My previously reported measure- 
ments of region] differences in the arterial blood 
supply of the skin were based on the amplitudes 
of the photoelectrically recorded skin pulses. 
These in turn were expressed in terms of an 
arbitrary unit, the “filter unit’? (Am. J. Physiol. 
124: 328, 1938). Calibration of this unit in terms 
of blood flow has now been effected by ~alorimetric 
measurements of flow in the terminal phalanx of 
the finger and by measurements of flow in forearm 
skin by the venous occlusion method. In the for- 
mer calibration, one “‘filter unit’? was found to be 
equivalent to a flow of 0.089 cc./sq.cm./min. and, 
in the latter case, to a flow of 0.115 ce./sq.cm./min. 
The first value is probably more-accurate. 

Expression of the previously recorded skin 
pulses in terms of flow (with the aid of this equiva- 
lent of the “filter unit’’) and making allowances 
for the surface area of the part yields the following 
values for the contribution of each region to the 
average value of the cutaneous blood flow as ex- 
pressed in cc./sq.m./min: head and neck 51; trunk 
93; thighs 51; legs 23; hands 58; feet 27. The sum, 
341 cc./sq.m./min., is of the same order as values 
for cutaneous flow which obtained from calori- 
metric data or from the rate of helium uptake by 
the skin. Values, in each type of experiment, are 
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for partial but not complete thermal dilatation 
in the skin. 

Plasma concentrations following single oral doses 
of the principal cinchona alkaloids. Epwin P. 
Hiatrr and GERTRUDE P. QUINN (by invitation). 
New York Univ. College of Dentistry. Studies of 
the plasma concentrations after taking oral doses 
of quinine, quinidine, cinchonidine, cinchonine 
and totaquina were made using normal dental stu- 
dents as subjects. The alkaloids were administered 
in the form of the free base. Plasma samples were 
taken at once, two, three, five and twenty-four 
hour intervals after the drug was administered. 

With equivalent doses there are marked differ- 
ences in the plasma concentrations reached after 
taking different cinchona alkaloids. Quinine gives 
the highest with peak concentrations, after a dose 
of 10 mgm. per kilogram of body weight, averaging 
around 3 mgm. per liter, cinchonidine and quini- 
dine next with around 2 mgm. per liter, while 
cinchonine gives very low concentrations, not more 
than 0.5 mgm. per liter. 

The plasma concentration after administering 
totaquina is about what would be expected from 
the additive effect of the constituents. 

The plasma concentration is markedly lower if 
the dose is administered immediately after a meal. 

Tissue concentrations of the four principal 
cinchona alkaloids in relation to plasma concentra- 
tion. Epwin P. Hiarr and GertrrupE P. QuINN 
(by invitation). New York Univ. College of Den- 
istry. Unanesthetized dogs were perfused intra- 
venously with solutions of the sulfates of quinine, 
quinidine, cinchonine and cinchonidine in such a 
manner as to maintain concentrations in the 
plasma of 3 to 4 mgm. per liter for an hour. Then 
the dogs were sacrificed and samples of nine tissues 
taken. These samples were analyzed the same day 
by an adaptation of the colorimetric method of 
Brodie, (unpublished), and the tissue/plasma con- 
centration ratio determined. 

There is some variation in the degree to which 
the different alkaloids are concentrated in any one 
tissue. Cinchonine and quinine correspond closely 
while cinchonidine and quinidine occur in higher 
concentrations. 

There is a marked difference in the degree of con- 
centration of the alkaloids in different tissues. 
Skeletal muscle and brain show the lowest, having 
tissue/plasma ratios of .70 to 5.0. Intestine is next 
with ratios of 3 to 8. Lung, spleen and pancreas 
show the highest concentration with ratios of 10 
to 27, with liver and kidney usually slightly less. 
The cerebrospinal fluid in all cases had a much 
lower concentration of alkaloid than the plasma. 

Pyruvic acid balance of the brain. WILLIAMINA 
ArMstronG Himwicu (by invitation), Epmunp 
HompurcerR (by invitation) and Haroutp E. 
Himwicn. Dept. of Physiology and Pharmacology, 


Albany Medical College, Union Univ., Albany, 
N. Y. In studies of brain metabolism 38 ob- 
servations were made of cerebral pyruvic acid 
balance of 33 psychotic patients in a variety of 
physiologic conditions. The blood samples were 
drawn from the internal jugular vein and the 
brachial artery. In 36 of these observations the 
level of pyruvic acid was definitely greater in 
venous blood from the brain than in arterial blood. 
The average difference, 0.27 mg. %, though small, 
is consistent. Of the remaining two observations, 
arterial and venous concentrations of pyruvic 
acid were the same in one patient and the arterial 
level of this metabolite was higher than the venous 
in the other patient. 

For eleven of the patients studied in the post- 
absorptive state determinations were made of the 
glucose, lactic acid, pyruvic acid, and oxygen con- 
tents of the blood entering and leaving the brain. 
The average arterial-venous differences were 5.8 
volumes per cent, 11 mgm. per cent, 1.7 mg. per 
cent, and 0.2 mg. per cent, for oxygen, glucose, 
lactic acid and pyruvic acid respectively. The 
lactic-pyruvic acid ratio was 7.2. 

The oxygen content of blood in the right auricle 
and right ventricle. J. P. Hott and P. K. KNoEFEL 
(by invitation). Depts. of Physiology and Pharma- 
cology, Univ. of Louisville School of Medicine, 
Louisville, Ky. In the determination of cardiac 
output by the direct Fick principle a number of 
workers have taken the sample of mixed venous 
blood from the right auricle. In repeated deter- 
minations in the dog by this method we found 
marked differences in the cardiac output. It was 
felt that incomplete mixing of blood in the right 
auricle might explain these differences. 

In barbitalized dogs samples were collected 
simultaneously from two points in the right auricle 
25 mm. apart, by means of small steel cannulae 
that passed into the right auricle by way of the 
right external jugular vein. The blood was col- 
lected over mercury without contact with air and 
analyzed for oxygen content in duplicate by the 
method of Van Slyke and Neill. In one experiment 
the oxygen content was the same in the two sam- 
ples, while in three experiments it was different, 
the average difference being 0.91 cc. of oxygen per 
100 cc. of blood. Similar experiments were per- 
formed by taking samples simultaneously from 
the right auricle by cannulation, and from the 
right ventricle by needle puncture. The oxygen 
content of the blood from these points differed in 
eight experiments, the average difference being 
2.49 cc. per 100 cc. of blood. The oxygen content 
was the same in two experiments. In two control 
experiments in which simultaneous samples were 
withdrawn in a similar manner from well-mixed 
blood in a bottle, the average difference in oxygen 
content of the samples was 0.19 cc. per 100 cc. It 
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appears that in dogs there usually is not complete 
mixing of blood in the right auricle. 

Relative toxicity of commercial benzene and a 
mixture of benzene, toluene and xylene. Vicror 
H. Hove (by invitation) and SmitH FREEMAN. 
Dept. of Physiology, Northwestern Univ. Medical 
School, Chicago, Ill. Studies on the relative toxic- 
ity of commercial benzene (90-95 per cent CsH,) 
and a synthetic mixture consisting of 60 per cent 
benzene, 35 per cent toluene and a 5 per cent 
xylene have been made over a period of 123 weeks 
by exposing dogs to an atmosphere containing the 
solvent fumes. The concentration of solvents was 
varied from 600 ppm to 1000 ppm by volume and 
the duration of exposure was varied from 30 to 42 
hours, per week. Nine dogs were exposed to ben- 
zene and 4 dogs to mixed solvent fumes. An ade- 
quate diet was fed. 

Weekly determinations were made of R.B.C., 
W.B.C. and Hb., blood phenols and urine con- 
jugated sulfates and phenols. These, plus survival 
time, were used as criteria of toxicity. 

During exposure periods when the concentration 
of each solvent was equal, the benzene group con- 
sistently exhibited higher percentages of conju- 
gated urine sulfates, higher blood and urine 
phenols, lower white cell counts and lower survival 
time. When the concentration of benzene was 
decreased to 600 ppm and the results of the tests 
were compared to those obtained simultaneously 
on the mixed solvent group receiving 1000 ppm the 
values fell within the same range. 

No dogs died from exposure to 1000 ppm of the 
mixed solvent during the 123 week period. Three 
benzene dogs died during exposure of 1000 ppm 
(in 4, 10, and 37 weeks), and one died after 42 
weeks of exposure to 750 ppm. On the basis of the 
tests used it is concluded that the toxicity of the 
solvents as administered was directly related to 
the amount of CsH, present in the solvent. [This 
study was assisted by a grant from the Velsicol 
Corporation. ] 

Factors affecting the anomalous freezing of egg 
yolk. Evetyn Howarp. Dept. of Physiology, 
Johns Hopkins Univ. School of Medicine. While 
Straub and others have reported that egg yolk is 
hypertonic to white, the author’s cryoscopic data 
(Jour. Gen. Physiol. ’32) indicated that the yolk 
is isotonic to white. However, after seeding super- 
cooled yolk the temperature sometimes tended to 
plateau at 0.56°, after which it plateaued at 
—0.43°C. The first plateau was regarded as an 
anomalous result of supercooling and on theoreti- 
cal grounds the second plateau was considered the 
freezing point. The first plateau accounted for the 
observations of Straub and others. 

The freezing of yolk has been further analyzed 
as follows: stirring and bath temperatures were 
regulated so that the rate and overall direction of 


heat transfer (dH) could be adjusted. Since stir- 
ring was intermittent, 10 second periods of cooling 
and ice formation alternated with 20 second 
periods of warming and ice melting, the overall 
trend being either +dH or —dH. The —dH yolk 
seeded at 0.46°C, plateaus at 0.43°C, for 40 minutes 
or more, if —dH is not excessive. If the +dH yolk 
is supercooled and seeded the temperature curve 
inflects at —0.56°, but plateaus at 0.43°. Since the 
—0.43° plateau occurs on both +dH and —dH if 
the stirring is adequate it is concluded that it rep- 
resents the temperature of ice-yolk equilibrium. 

The supercooled —dH yolk plateaus at 0.56°. 
The lower plateau is conceivably a result of sub- 
stances interferring with equilibrium at the ice- 
yolk interphase. 

These findings support my earlier conclusion 
that egg yolk is hypotonic to adult blood, and 
isotonic to egg white. 

Influence of immobilization on denervated skele- 
tal muscles. O. LEoNARD HuppLeston (Medical 
Corps, A.U.S.) Harotp Daron JENKINS (by 
invitation) JosepH Timotuy Lucas (by invita- 
tion). Dept. of Physiology and Pharmacology, 
Univ. of Colorado School of Medicine, Denver. 
Antagonistic skeletal muscles (gastrocnemius- 
plantaris and anterior tibial) were immo- 
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tion and regeneration of their motor nerve supply. 
Complete degeneration was accomplished by 
crushing the anterior nerve roots of L 5, L 6, L 7, 
and § 1. The right hind leg of 8 dogs was casted in 
extension, 4 in neutral and 3 in flexion. There were 
two control groups of 6 dogs each (operated un- 
casted) and (unoperated casted). Determinations 
were made of muscle weights, tension myograms 
and electrical tests (thresholds for galvanic and 
faradic stimulation). Symmetrical muscles of the 
normal left leg of each animal were used as con- 
trols. The average per cent weight loss for the 
immobilized denervated muscles ranged from 
40% to 60%; that of the operated uncasted group 
ranged from 22% to 28%; and that of the im- 
mobilized non-denervated group ranged from 27° 
to 37%. The total weight loss of the immobilized 
denervated muscles resulted from two sources of 
approximately equal value: 1, disuse atrophy; 2, 
incomplete regeneration. Muscle tension and 
electrical tests were qualitatively similar to those 
of the muscle weights. Absence of immobilization 
of denervated muscles did not retard the regenera- 
tion of the motor nerve supply. Recovery was 
more complete in the non-immobilized denervated 
muscles. All qualitative and quantitative data 
indicated that immobilization retarded the re- 
innervation of denervated muscles. The muscles 
which were immobilized in the position of maxi- 
mal muscle length showed less functional recovery 
than those immobilized in minimal muscle length. 
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Aided by a grant from The National Foundation 
pr Infantile Paralysis, Incorporated.| 
Resistance to the anoxia of high altitude afforded 
y thiouracil. A. M. HuGues (introduced by E. B. 
istwood). Depts. of Pharmacology and Medicine, 
farvard Medical School, Boston, Mass. Thyroidec- 
omized animals have been shown to be more 
esistant to anoxia than normal ones. In view 
f the fact that functionally athyroid animals can 

produced by the administration of thiouracil, 
xperiments were conducted to determine whether 
ats thus treated would show an increased re- 
istance to anoxia. 

Thiouracil was administered to young adult 
ats as a 0.1% solution in the drinking water. The 
nimals were exposed to a simulated altitude of 
pproximately 38,000 feet (150 mm. Hg.) in a 
hamber consisting of a vacuum desiccator con- 
ected to a water-pump. The pressure was regu- 
gated by a valve on the air inlet tube. No difference 
n survival was noted between the treated and 
ontrol animals during the first 7 days of treat- 
nent. After 8 days treatment with thiouracil, 
reated animals survived an average of 44 + 14 
ninutes, while controls survived for 18 + 4 min- 
ites. Treatment for 2 to 3 weeks increased the 


survival time to as long as 8 hours, compared 
‘ith 10 to 15 minutes for the controls. The injec- 
ion of 5 wg. thyroxin daily concurrently with 


hiouracil treatment completely abolished the 
beneficial effects of the thiouracil. 

Protection was also afforded against the anoxia 
roduced by low oxygen tension at atmospheric 
yressure and by carbon monoxide poisoning. No 
nerease in resistance to cyanide poisoning was 
pbserved. 

Effect of two adrenal steroids and insulin on the 
excretion of sodium and chloride. Dwicut J. INGLE 
nd Rurn SHeprarp (by invitation). Research 
Laboratories, The Upjohn Company, Kalamazoo, 
Mich. Normal male rats on a constant diet 
vere used. The administration of 2 to 5 mgm. daily 
f either 17-hydroxycorticosterone or 17-hydroxy- 
ll-dehydrocorticosterone caused an_ increased 
lrinary excretion of sodium and chloride for one 
0 three days, followed by a short period of in- 
reased retention and thereafter a normal balance 
between intake and excretion. 

When insulin was injected in amounts which 
roduced hypoglycemia there was a similar in- 
rease in the excretion of sodium and chloride, a 
short period of increased retention and then 
Pquilibrium. Hypoglycemic convulsions were 
hlways followed by a temporary increase in the 
xeretion of these ions. 

An inereased excretion of sodium and chloride 
8 known to be induced by anoxia, diabetic shock, 
severe surgery and other unrelated conditions 
rhich represent a stress to the animal. It may be 


possible to extend the suggestions of Lewis et al. 
(Jour. Clin. Invest., 21: 33, 1942) and explain 
this phenomena as due specifically to the increased 
secretion of the Cy, 7-oxygenated adrenal steroids 
during stress. As an alternative hypothesis, it 
fhay be that the sodium and chloride excreting 
effect of these steroids is non-specific, not a physi- 
ologic property, and that the phenomena can 
occur in the absence of these compounds. 

Circulation time in normal and in shocked 
animals, measured by an objective method. (Me- 
thylene blue, photo-electric cell.) Brngamin 
JaBLONS and Ot1s M. Corr. Dept. of Physiology 
and Biochemistry, New York Medical College, 
Flower and Fifth Avenue Hospitals. The animals 
used were dogs weighing from 12 to 20 pounds. 
Materials used consisted of detector apparatus, 
photo-electric cell, light set-up with galvanom- 
eter, and ampoules of methylene blue, 1.2%. The 
dye was injected into the saphenous vein of the 
lower extremity or the ulnar vein of the fore limb. 
The light set-up was adjusted to the ear, and the 
circulation time, determined by a stop-watch, was 
taken as the time from the moment of injection of 
the dye to the instant the galvanometer deflection 
signalled its appearance in the ear vessels. Shock 
was produced by ligation of the limbs for varying 
periods, e.g., ligation of both limbs for 5 to 5} 
hours; of all four limbs for 4 hours; or of one limb 
for 9 hours, prior to release. 

Certain precautions are necessary for satis- 
factory results. To facilitate adequate transmis- 
sion of light through the ear, all hair should be 
removed both inside and outside the ear at the 
place of application of the photoelectric cell, by 
the use of a depilatory, such a barium sulphide. 
As little compression as possible should be used 
to keep the cell in place. 

The average circulation time (fore-paw to ear) 
was, in the mormal animal, 7.6 seconds; in the 
shocked animal, 18.5 seconds. In some animals 
there was a prolonged circulation time following 
barbiturate anesthesia in contrast to that following 
morphine narcosis. ‘ 

The evaluation of gelatin as a plasma substituie 
by the use of a standardized method of assay. 
MartTHA JANOTA (by invitation), 8. O. Levinson 
(by invitation), F. Arrmoro (by invitation) and 
H. NecHELEs. Samuel Deutsch Serum Center 
and from the Dept. of Gastro-Intestinal Research 
of Michael Reese Hospital, Chicago. Two, 4 
and 8% gelatin solutions were.assayed on dogs 
in hemorrhagic shock produced by the method de- 
scribed above. Saline-red cell and plasma-red cell 
infusions served as controls. The following results 
were obtained: Saline and 2% gelatin; 15 animals 
with factors varying between 1940 and 4000 died 
early; only one animal, with the highest factor 
yet observed, 4704, survived indefinitely. Four % 
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and 8% gelatin: 13 dogs with factors below 1700 
died early, 4 died during the night. With factors 
above 1700, 7 died early, 7 during the night, and 11 
survived indefinitely. 

Whole blood: 5 dogs with factors below 1700 died 
early, one died during the night, and one survived 
indefinitely. With factors above 1700, one died 
during the night and 5 survived indefinitely. 

Under the rigid conditions of the assay, 4 and 
8% gelatins appear to be good plasma substitutes. 

Repeated hemorrhage and later reinfusion of 
the withdrawn blood is able to produce the typical 
picture of shock, as evidenced by gross and his- 
tologic changes and by changes in the composition 
of the blood. The development of this shock can- 
not be prevented by infusions with saline or 2% 
gelatin solutions. The ‘‘Factor Of Probable Sur- 
vival’’ (blood pressure times CO2, 30 minutes after 
first hemorrhage) gives an expression of biologic 
variations between animals, and predicts the 
chances of survival with plasma stbstitutes. 

Vascular reactions to cold related to the early 
stages of immersion foot. KENNETH E. Jocnim and 
Atrick B. Herrzman. Dept. of Physiology, St. 
Louis Univ. School of Medicine, St. Louis, Mo. 
The vascular reactions in the finger pad of normal 
subjects to ice water were studied by recording 
simultaneously the amplitude and wave form of 
the pad pulses and the changes in blood content by 
means of photoelectric plethysmographs. The 
reactions could be divided into two groups: first, 
those in which the changes in blood content closely 
paralleled the changes in arterial diameter with- 
out any significant effect on the propagation of the 
pulse wave into the minute arteries; second, those 
in which the onset of the reactive dilatation 
showed first in a large early increase in pad blood 
content which preceded and then paralleled the 
increase in the pad pulses. This engorgement of the 
pad increased its volume often far above the con- 
trol levels; the skin capillaries flushed suddenly 
at this time; the hyperemia was evident on in- 
spection. The pad pulses of this second group also 
exhibited gross changes in wave form (slow ascent 
of anacrotic limb, delay of crest, marked rounding) 
as the increase in blood content proceeded but 
progressively recovered their normal form as the 
peak of the increase in blood content was passed. 

These differences between the two groups may 
be related to quantitative differences in the par- 
ticipation of the arterio-venous anastomoses and 
normal arteriolar channels in the early stages of 
the reactive dilatation. It is felt that the reactions 
of the second group would favor the development 
of the “immersion foot’? syndrome due to the 
engorgement of the subpapillary venous plexus 
and capillary stasis. [Aided by American Medical 
Association.] 

The effects of cold on the blood vessels of the 
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. vitation) and Joan Lonain1 (by invitation) ang 






skin of the forearm. KenNnetTH E. JocHiM anj 
Atrick B. Herrzman. Dept. of Physiology, S| 
Louis Univ. School of Medicine, St. Louis, Mo 
Differences between the skin of the forearm and 0 
the finger with respect to the richness of th 
arterial blood supply and the number of arterio 
venous anastomoses correlate with significan 
differences in the vaseular reactions (recorded by 
photoelectric plethysmographs) to local cold 
Decreases in the blood content and the volum 
pulses of the forearm skin were elicited in pro 
portion to the duration and the extent of the fal 
in skin temperature. However, the volume change 
preceded the decrease in pulse amplitude, and, i 
the case of a brief application of cold, often oe 
curred without a change in pulse amplitude 
Blocking the blood supply to the hand by a cuf 
at the wrist did not alter these reactions. Recove 
in skin temperature, skin pulses, and skin volum# 
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was very slow compared to recovery in the finger feel g 
No reactive dilatation was seen in the forearm ‘wy ie 
skin. tised 

It is believed that the direct effects of cold o us hy 
the skin vessels are dominant (vasomotor reflexes priva) 
being of minor importance) and that the volum# ‘ushing 


changes in the forearm skin are due principally te 
changes in tone of the subpapillary venous plex 
which seems to be quite sensitive to cold, and thai 
the nonappearance of the reactive dilatation 
which accounts for the corresponding slow re 
covery and the absence of venous engorgement} 
(the latter occurs frequently in the finger), is du¢ 
to the dearth of arterio-venous anastomoses 
Their distribution therefore seems relevant to thé 
topography of the skin lesions in the ‘‘immersio 
foot”? syndrome. [Aided by Americal Medical 
Association.| 

Damaging effect of lipemic plasma upon erythro 
cytes in normal man and in pernicious anemia 
Victor Jounson, L. WILLARD FREEMAN (by in 
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ArrHuR Lorewy (by invitation). Dept. of Physi 
ology, the Univ. of Chicago. The authors and othe 
collaborators have previously reported that i 



















dogs (1) especially lacteal chyle but also thoracifftomy. | 
duct chyle are hemolytic during fat absorptionfithe par 
(2) the hemolytic agents are probably fatty acidifure, it 
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and soaps; (3) lipemic plasma increases erythro 
cyte fragility; and (4) a high fat diet increases tht 
rate of erythrocyte destruction. 

Employing a standard erythrocyte fragility tesl 
it was found (111 experiments) that exposure t0 
normal lipemic serum increased the susceptibilit 
of normal erythrocytes to hypotonic hemolysis 
Upon exposure to normal lipemic serum, thé 
erythrocytes of 2 untreated pernicious anemiil 
patients were rendered more fragile than were thi 
erythrocytes of normal individuals, 5 treated per 
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Hicious anemia cases, and 7 patients with other 
emias. 

In 8 untreated pernicious anemia patients 
pemic serum produced not only an increased 
rythrocyte fragility but also actual hemolysis, 
hen lipemic serum and red cells of the same in- 
ividual were mixed. By contrast, lipemic serum 
f 6 treated pernicious anemia patients and 7 
ormal individuals produced only increased 
agility but no actual hemolysis of their own red 
lood cells. 

This evidence supports the concepts that fat 
gestion contributes to normal daily human 
rythrocyte destruction, and is especially in- 
urious to the erythrocytes in untreated pernicious 
nemia. 

A note pertaining to Cushing’s conclusion that 
‘total hypophysectomy’’ was incompatible to life. 
Be. D. Ketter. Dept. of Physiology and Pharma- 
logy, Baylor Univ. College of Medicine. It is clear 
hat death in Cushing’s ‘‘totally hypophysecto- 
lised dogs’? was predominately due to spontane- 
us hypoglycemic crises (cachexia hypophyse- 


‘@priva). Why did crises invariably precipitate in 


# ushing’s animals and not for instance in those of 
schner, Sweet and Allen and Dandy and 
eichert? % 
I suspect that the consistency of Cushing’s re- 

ults was due to his consistency in severing the 

talk as far distally as was compatible with total 

Hemoval of the pars anterior. 

This suspicion is based upon my experience in 
bxecuting varying degrees of hypophysectomy in 
fe large series of dogs wherein the postoperative 

ursing and feeding care for the entire series was 
arefully standardized. They were maintained in 

h constant environmental temperature, fed at 8 
our intervals (force fed when necessary) and ob- 

served routinely at 4 hour intervals. 

Dogs passed through the acute and subchronic 
eriods with relative ease when the stalk was cut; 
1) distally such that a narrow rim of pars anterior 
emained attached or (2) through its middle or 
roximal extent, preliminary to the hypophysec- 
omy. When it was sectioned as close as possible to 
he pars anterior, without cutting into this struc- 
ure, it was extremely difficult to maintain these 
reparations during these periods. 

This increased maintenance difficulty and its 
orrelation with the level of stalk section was 

nmistakable. Hypoglycemic crises precipitated 
ith ease and were extremely difficult to control 
y sugar therapy. Therefore, factors other than 
arbohydrate disturbances are suspected as con- 
ributing to the extreme instability of these par- 
icular preparations. [Aided by a grant from the 
Lockefeller Foundation to the Univ. of Alabama.] 

An intense and enduring miosis following tran- 
Section of the brain stem caudal to the level of exit 


of the oculomotor nerves. A. D. Keiier. Dept. of 
Physiology and Pharmacology, Baylor Univ. 
College of Medicine. In my original paper de- 
scribing a method of transecting the brainstem 
without disturbing the brain tissue cephalad to the 
lesion it was stated that the pupils assumed a state 
of maximal constriction when the transection 
passed caudal to the level of exit of the oculomotor 
nerves. This statement pertained to observations 
on acute and subacute preparations only. Bremer 
has independently noted this miosis in similar 
preparations. 

Since the original observation, aside from es- 
tablishing its invariable occurrence in a very 
sizable number of cats and dogs as well as a few 
monkeys, I have been much interested in deter- 
mining the status of the pupils in truly chronic 
preparations. I have succeeded in maintaining 
several such preparations for from six to eight 
weeks. Following an uncomplicated complete 
transection there is no evidence of a lessening of 
the miosis for the first few weeks after operation. 
Then very slowly but progressively the pupils 
exhibit slight dilatation when observed in total 
darkness or in mild light. As soon as the pupils 
dilate sufficiently to admit light to the retina a 
light reflex can be demonstrated. An intact pupil- 
lary response to light can be demonstrated shortly 
after operation in the situation where the lesion 
encroaches upon the pupillo-coustrictor cells or 
fibers such that the pupil remains sufficiently 
dilated to admit light to the retina. 

Following near-complete transections, a small 
area remaining unsevered either medially or later- 
ally, the pupils exhibit maximal constriction for 
several days but then return to normal rapidly, 
i.e. with respect to somatic pupillo-dilator influx. 
Indeed the status of the pupils is a most reliable 
physiological criteria for judging the completeness 
of transection, during the subchronic and chronic 
periods. [Aided by grants from the Rockefeller 
and John and Mary R. Markle Foundations to the 
Univ. of Alabama.] 

Death in from three to six weeks following un- 
complicated total hypophysectomy apparently due 
predominantly to adrenal insufficiency. A. D. 
KEwueR. Dept. of Physiology and Pharmacology, 
Baylor Univ. College of Medicine. In the dog it 
has been found that complete sexual regression 
and stoppage of growth with maximal coat change 
can routinely be precipitated unassociated with 
material disturbances in carbohydrate and energy 
metabolism or adrenal cortex size. The appropri- 
ate hypophysectomy is that which leaves the 
maximal amount of stalk tissue compatible with 
total or near-total elimination of the pars anterior. 

Quantitatively the disturbance in carbohydrate, 
energy and fat metabolism and adrenal atrophy is 
associated with the level of stalk section pre- 
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liminary to the hypophysectomy. The more proxi- 
mal the section the greater are these deficits. 

When all hypophysial tissue (including stalk 
tissue) is removed without infringement upon the 
hypothalamus the animals make uneventful re- 
coveries and appear normal outwardly for from 
three to six weeks (more often at four weeks). 
Then a characteristic crisis sets in abruptly. 
Diarrhoea first appears followed by muscular 
weakness and general lassitude. Mild hypo- 
glycemia is present and, according to not too 
reliable determinations, blood sodium is abruptly 
lowered. Keeping blood sugar at or above normal 
does not alter the course of the crisis. Crises have 
been successfully alleviated by administration of 
Upjohn’s Adrenal Cortex Extract and Ciba’s 
Percortin. Successful therapeutic management is 
not as predictable as following adrenalectomy 
alone, due presumably to associated multi-glandu- 
lar deficits. : 

Adrenals in dogs dying in four weeks exhibit 
striking but not maximal thinning, while in dogs 
maintained therapeutically three months the ad- 
renals are maximally atrophied. Adrenals of near- 
total hypophysectomized dogs maintained three 
months invariably exhibit profound atrophy. 
Crises can be precipitated in near-total prepara- 
tions by lowering diet sodium. [Aided by a grant 
from the Rockefeller Foundation to the Univ. of 
Alabama.] . 

Demonstrating that descending fibers subserving 
heat production are distributed well latero-ventrally 
at the cephalic level of the pons. A. D. KELLER. 
Dept. of Physiology and Pharmacology, Baylor 
Univ. College of Medicine. A transverse lesion 
placed in the cephalic pons such that in addition 
to a right hemisection approximately the medial 
two-thirds of the left half is severed temporarily 
impairs heat regulation. The animal’s ability to 
maintain a normal rectal temperature in the 
presence of a cool environment is totally elimi- 
nated for several days. Then gradually over a 
period of three weeks this ability returns es- 
sentially to normal. 

After recovery has occurred severing the intact 
lateral segment by making a left hemisection a few 
mm. cephalad to the original lesion, reduces the 
animal permanently (8 weeks) to the totally non- 
heat regulatory state. Accordingly the recovery 
is interpreted as being due to the activity of 
fibers, subserving heat production, descending in 
the unsevered lateral segment rather than to 
the progressive activity of a released subsidiary 
pontile or medullary mechanism. 

These fibers pass in the ventral portion of such 
an isolated lateral segment because when this 
portion is included in the original transverse le- 
sion, (complete transection except for the dorso- 
lateral tissue in immediate environs of the left 
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brachium conjunctivum) the animal loses p 
manenily all powers to combat a cool environmen 
Such a preparation retains adequate heat lo 
powers to combat a hot environment without 
noticeable or a striking deficit. Such a lesion the 
fore completely eliminates the heat producti 
mechanism without materially impairing the he 
loss mechanism. [Aided by a grant from the Jo 
and Mary R. Markle Foundation to the Univ. 
Alabama.| 

Failure of the cerebrospinal tract to exhibit retn 
grade degeneration following section at the pons 
midbrain level. A. D. KELLER. Dept. of Physiolo 
and Pharmacology, Baylor Univ. College of Med 
cine. The statement is frequently made that se 
tion of all nerve fiber systems within the centr 
nervous system results in the retrograde degener 
tion of the fibers and cell bodies proximal to th 
lesion. During the past several years I’ve had r 
peated occasions to observe that this does no 
obtain with respect to the cerebrospinal tra¢ 
when it is severed at the pons or midbrain levg 
using the blunt dissection method. 

Dogs (also cats and monkeys for shorter inte 
vals) were maintained for from 6 to 15 month 
following a complete hemisection of the uppe 
brainstem. After termination of the experiment 
the brainstems were fixed in formalin, embedde 
in paraffin, sectioned serially (crossed an 
frontally) and then appropriate sections we 
stained in several ways; modified Pal Weige 
modified Maximow, cresyl violet and Bodia 
silver. 


Study of the cerebrospinal tracts above the lev4 


of hemisection revealed no obvious difference be 
tween the severed and unsevered tracts. Below th 
level of hemisection the severed tract showed com 
plete degeneration. 


The above facts were illustrated incidentall} 
before this society in 1939 in connection with | 


motion picture demonstration pertaining to mus 
cular atonicity following transection of the brain 
stem through the cephalic pons. (Am. J. Physi 
ology 126: 552, 1939.) 

It has previously been demonstrated that fibe 
in a brachium conjunctivum likewise do not shot 


retrograde degeneration, whereas those in thi 


rubro-spinal tracts do (complete in two months) 


Other systems which invariably exhibit retrograd 


degeneration are fibers taking origin from the su 
stantia nigra and the superior olive. [Aided by! 
grant from the Rockefeller Foundation to the Unit 
of Alabama.] 

Sensory disturbances in animals having incom 
plete transections of the brain stem. A. D. KELLE 
Dept. of Physiology and Pharmacology, Bayle 
Univ. College of Medicine. Hemisection of th 


brainstem through the pons or midbrain does no 


obviously alter sensory perception as judged b 
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‘gross clinical inspection.’’ When in addition to a 
emisection the medial aspect of the opposite 
alf is encroached upon appropriately the animal 
exhibits a clear cut bilateral hypersensitivity to 
utaneous stimuli. The response suggests an ex- 
ruciating painful sensation (‘‘over-reaction’’). 
The threshold is lowered or at least is not raised. 
“@his hypersensitivity is particularly noticeable 
uring the early postoperative period and in some 


0. @reparations disappears with chronicity while in 
thers it persists in demonstrable form indefi- 
rett@itely. I have seen no evidence of spontaneous 
MS @itacks. 
Olof’ When the opposite half of the brainstem is in- 
Med olved to a greater degree there is a definitely 
i Saised threshold but the ‘“over-reaction” painful 
nt esponse is still present. Also a rage response is 
her) btainable which could well be an ‘‘over-reaction”’ 
Ae hffair. Although one can not always predict which 





‘response will obtain following a given stimulation 
tis at times possible, in long chronic preparations, 
o selectively elicit either response by appropriate 
Btimulation. 

There is no doubt of the similarity of the experi- 
ental syndrome with the clinical syndrome de- 

Pecribed by Kendall (Brain, 1939, 62: 253). There is 
‘Bhis difference, Kendall attributes the phenome- 
on to involvement of one side of the brainstem 
Belone, whereas experimentally it is clear that the 
nvolvement must be bilateral. 

Are the ‘‘over-reaction”’ responses due to selec- 
ive elimination of specific fibers or merely due toa 
brogressive reduction in number of fibers? [Aided 
by a grant from the Rockefeller Foundation to the 
Univ. of Alabama.] 

Hard work on restricted B vitamins. ANCEL 
Pers, Austin F. Henscuent (by invitation), 

HENRY LONGSTREET TayLor (by invitation, 
DLAF MICKELSEN (by invitation) and Josrr 
1. Brozex (by invitation). Lab. of Physiologi- 
al Hygiene, Univ. of Minnesota, Minneapolis. 
light normal young men maintained a rigid 
d-day schedule of hard work (4800 Cal. daily) 
bn a diet, adequate except for vitamins of the B 
omplex which averaged, per 1000 Cal., 0.16 mg. 
hiamine, 0.15 mg. riboflavin and 1.8 mg. of niacin. 
All foods as eaten were analyzed for the several 
itamins by proven methods. All men received 
dequate B supplements for the first 6 and the 
ast 5 days but during the remainder only 3 men 
eceived the supplements, while the other 5 re- 
eived placebos. None knew what he received 
nd all were constantly under supervision. Initial 
itamin stores in the body were standardized by 
fixed preparatory regime below National Re- 
earch Council recommendations. Repeated ex- 
ensive measurements under constant conditions 
overed hard aerobic (endurance) work, violent 
anerobic) exertion, psychomotor functions 
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(speed, coordination) muscle strength, various 
“fitness’’ tests and details of intermediary metab- 
olism (blood lactate, pyruvate, glucose) in rest, 
work and recovery. Exhaustive clinical examina- 
tions were supplemented with subjective question- 
naires. All results were in conclusive agreement 
that the vitamin limitation was entirely without 
effect on all of the functions measured. Urinary 
excretion of thiamine and riboflavin was fre- 
quently measured and this reflected the intake but 
this was more pronounced with thiamine than with 
riboflavin. It is concluded that for at least 14 
days of very hard work the present low intake of 
B vitamins has no effect on the physical ‘‘fitness,”’ 
performance or work capacity of normal young 
men. [This work was supported in part under the 
terms of a contract no. (OEMcmr-87) between the 
Reagents of the Univ. of Minnesota and the Office 
of Scientific Research and Development. Support 
from other sources will be acknowledged in final 
publication.] 

Porphyrins and the central nervous system. 
Hetnricu Ktiiver. Otho S. A. Sprague Memorial 
Inst., Univ. of Chicago, Chicago, Illinois. The 
fluorescence spectrum of the white matter of the 
central nervous system, in various mammals, re- 
veals a sharp emission band at 630-620 my with a 
maximum at about 625 my. This band is present 
even in the white matter of a live animal. It is 
absent in the cortex and in the meninges of the 
brain and spinal cord. Exciting light of \ < 470 mz 
is effective in producing this band. 

The position of the band and the effects of vari- 
ous agents on the behavior of this band suggest 
the presence of a porphyrin. Available data 
strongly indicate that the porphyrin which we 
have extracted from the white matter of various 
mammals, including man, has the characteristics 
of a coproporphyrin. The spectrochemical evi- 
dence is derived from data on solubility, specific 
HCl number, and the fluorescence spectra in 
different solvents. Extractions of white matter 
also furnish varying amounts of protoporphyrin. 

The 625 mu emission band has been found to be 
absent in the white matter of amphibians and 
reptiles (7 species). It has been found to be present 
only in warm-blooded animals (20 species of mam- 
mals and birds). Postnatal developmentin mammals 
appears to be characterized by an “‘ascending por- 
phyrinization”’ of the central nervous system. The 
625 mu emission band is not ‘present at birth. 
It appears first in the spinal cord (e.g., in rats at 
the age of 20-23 days) and, finally, in the cerebrum. 

The fluorescence spectra of the cranial nerves 
exhibit striking differences in the sense that the 
625 my emission band is present, for instance, in 
the 2nd and 8th nerve, but absent in the 3rd and. 
6th nerve. ; 

The significance of these findings for neurology 
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and psychiatry and problems related to the pres- 
ence of a photodynamic substance in the white 
matter, including the optic nerve, have been dis- 
cussed in a previous paper (J. Psychol. 17: 209, 
1944). 

The reabsorption of sulfanilamide by the kidney 
tubule. GeorcE Korrr, Rocer 8S. Huspparp and 
Tep A. Loomis (by invitation). Univ. of Buffalo 
Medical School and the Metabolic Clinic of the 
Buffalo General Hospital. In a series of 90 renal 
clearance determinations on an unselected group 
of human subjects, it was found that the clearance 
of sulfanilamide was 0.45 times as great as the 
simultaneous clearance of inulin. This indicated 
that part of the sulfanilamide which appeared in 
the glomerular filtrate was reabsorbed through the 
kidney tubules into the peritubular capillaries. 

The sulfanilamide clearances were determined 
simultaneously with inulin and diodrast. The 
rate of reabsorption of sulfanilamide could there- 
fore be calculated by subtracting its rate of ex- 
cretion in the urine (urine sulfanilamide concen- 
tration times rate of urine formation) from its 
rate of excretion in the glomerular filtrate (plasma 
sulfanilamide concentration times inulin clear- 
ance). The rate of reabsorption of this compound 
was plotted against (1) the plasma flow to the 
.kidneys as given by the diodrast clearance, (2) 
the rate of urine formation, and (8) its rate of ex- 
cretion in the glomerular filtrate. 

There was no relationship between urine flow 
and the reabsorption of sulfanilamide. Slight, 
irregular parallelism between the reabsorption 
and renal blood flow (measured by the diodrast 
clearance) was probably present. The correlation 
between the reabsorption and rate of excretion of 
the compound into the glomerular filtrate was very 
close. As the rate of excretion of sulfanilamide 
into the glomerular filtrate rose from 0.1 to 14.0 
mg. per minute the rate of reabsorption rose from 
0.1 to 9.0 mg. per minute. By far the most im- 
portant factor affecting the reaborption of sulfa- 
nilamide appears to be the rate at which the com- 
pound is delivered to the tubules. 

An effect of breathing high oxygen mixtures on 
shivering in man. FrRepDERIC J. KorrKe (by invi- 
tation), J. StePHEN PHALEN (by invitation) and 
M. B. VisscuHer. Dept. of Physiology, Univ. of 
Minnesota. In the course of studies of the physi- 
ological responses to cold, an effect on the gross 
shivering movements of breathing high con- 
centrations of oxygen was noted. 

Subjects nude or dressed in standard garments 
were seated on a net covered deck chair in a room 
maintained at 10°C and 45% relative humidity. 
Thermocouples were used to record skin and rectal 
temperatures. A radiation pyrometer was used to 
measure the surface temperature of exposed areas 
of skin and of the external surface of the garments. 
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The onset and amplitude of shivering were re- 
corded optically using sensitive glass spoon 
manometers to measure pressure changes in bal- 
loons taped over the pectoral muscles and the ad- 
ductor muscles of the thighs. Oxygen mixtures 
were supplied through a standard closed circuit 
metabolism machine. 

Under standardized conditions the time of onset 
of shivering was reasonably constant for a given 
subject. However, when a high oxygen concentra- 
tion was breathed by the subject from the 
beginning of the experiment the onset of 
gross shivering was greatly delayed. Like- 
wise if the oxygen was administered after shiver- 
ing movements had become continuous, after 
about five minutes gross shivering was reduced 
or completely inhibited for variable periods of 
time. This was accompanied by a subjective sensa- 
tion of warmth although skin temperature changes 
were small or non-existent. On the other hand if 
the subject was switched from a high oxygen con- 
centration to air the shivering movements quickly 
increased in amplitude and intensity. [Aided by 
grants from the Munsingwear Fund of the Minne- 
sota Medical Foundation.| 

Effect of breathing high oxygen mixtures on 
human metabolism during shivering. FREDERIC J. 
Korrxe (by invitation), J. SrepHEN PHALEN (by 
invitation) and M. B. Visscuer. Dept. of Physi- 
ology, Univ. of Minnesota. The effect of high con- 
centrations of oxygen on the metabolism during 
shivering has been studied. 

In addition to recording shivering of normal 
subjects as described in the preceding note, the 
changes in metabolism were estimated using 
standard apparatus. A resting metabolic rate was 
determined after thirty minutes rest in a warm 
room before the subject entered the cold room. In 
the cold room the subject was seated on a deck 
chair and remained quiet during the course of the 
experiment. After the subject had begun to shiver 
the metabolism mask was applied and the oxygen 
consumption recorded. 

With the onset of shivering the metabolic rate 
increased markedly. However, although shivering 
movements were inhibited by oxygen as previously 
noted the metabolic rate was not decreased. 
For example from a resting metabolism of 3 
Cal/m?/hr. the metabolism rose 26% with the 
onset of shivering. Then although under the in- 
fluence of high oxygen mixtures the shivering 
movements gradually decreased and finally dis- 
appeared completely for six minutes the metabo- 
lism increased another 14%. As shivering re 
appeared in spite of the high oxygen concentratiol 
the metabolism was further increased 17%. 

It appears likely that a high oxygen concentr# 
tion under the described conditions changes thé 
muscle activity pattern from a clonic to a tonif 
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type. It is also evident that detectable shivering 
is not essential to the metabolic rate increase in 
response to cold. [Aided by grants from the 
Munsingwear Fund of the Minnesota Medical 
Foundation.] 

Comparison of indirect and direct measurements 
of arterial pressure in dogs. E. H. Lampert (by 
invitation) and G. E. WaKeRuin. Dept. of Physi- 
ology, Univ. of Illinois, College of Medicine. Blood 
pressure readings by four indirect ‘“‘cuff’’? methods 
utilizing the fore or hind leg and auscultatory or 
palpatory criteria were compared with determina- 
tions by femoral artery puncture in unanes- 
thetized, trained dogs. Variations of the indirect 
methods, including the use of different cuff sizes, 
were tried. 

The reliability of the indirect methods at differ- 
ent pressure levels was tested in four dogs with 
sectioned buffer nerves. In these dogs the blood 
pressure shows wide fluctuations in a short period 
of time. More than 600 simultaneous comparisons 
of indirect and direct pressure readings were made 
over a range of 130 to 325 mm. Hg systolic pressure. 
It was not possible with reasonable care to obtain 
consistently accurate determinations by the in- 
direct methods. Different methods using the hind 
leg gave readings in some dogs as much as 50 
mm. Hg above or below the femoral systolic pres- 
sure. In some instances an indirect method gave 
fair correspondence to direct readings at one 
pressure level, but not at others. Each dog and 
each indirect method presented an individual 
problem. 

In fifteen dogs (seven of which were rendered 
renal hypertensive while under study) blood pres- 
sure was measured 2 to 3 times a week for periods 
up to 18 months by one or more indirect methods 
and by arterial puncture. Although there was a 
fairly close parallelism between indirect and direct 
determinations in some animals, striking devia- 
tions occurred. Occasionally bizarre unaccount- 
able changes extending over periods of weeks were 
obtained in indirect readings, although no change 
or even an opposite change in direct readings 
occurred. 

Failure to produce arterial hypertension by intra- 
cisternal injection of kaolin. E. H. Lampert (by 
invitation) and G. E. WAKERLIN. Dept. of Physi- 
ology, Univ. of Illinois, College of Medicine. We 
were unable to produce a significant elevation of 

rterial blood pressure by the intracisternal in- 
jection of kaolin in rats, rabbits and dogs, 
although the type, amount, mode of preparation 
and technique of injection of the kaolin were 

aried. The other effects observed, including 
hanges in pulse rate, increased intracranial pres- 
sure and internal hydrocephalus have duplicated 
hose described by previous investigators. The 
spinal cord has not been described previously. 


We observed in rabbits and dogs, 23 to 750 days 
after kaolin injection, marked cavitation of the 
gray matter of the cervical spinal cord with ad- 
hesive arachnoiditis. Previous injection of kaolin 
and cavitation of the spinal cord did not prevent 
dogs from developihg sustained hypertension 
following renal artery constriction, or marked 
temporary elevations of blood pressure following 
buffer nerve section. 

In the dog we have used puncture of the femoral 
artery to measure blood pressure, whereas previous 
investigators have, without exception, used in- 
direct cuff methods. An extensive study of the 
characteristics of the indirect methods in the dog 
has shown that the production of so-called kaolin 
hypertension by others probably depended on the 
use of these methods, which we frequently found 
to be unreliable. 

Foa et al. (Proc. Soc. Exper. Biol. and Med. 
46: 696, 1941) and Page (personal communication) 
likewise failed simultaneously with us to produce 
kaolin hypertension in dogs, using arterial punc- 
ture to measure the blood pressure. Most probably 
kaolin hypertension as a significant, persistent 
elevation of arterial blood pressure does not exist 
or is extremely rare. 

Observations on the blood pressure of dogs fol- 
lowing buffer nerve section. EF. H. LamBert (by 
invitation) and G. E. WAKERLIN. Dept. of Physi- 
ology, Univ. of Illinois, College of Medicine. Four 
dogs were observed for 250 to 490 days after sec- 
tion of the carotid sinus and aortic nerves. Mean 
blood pressure was measured by femoral artery 
puncture in a quiet room. For two to three weeks 
after denervation there was an unstable elevation 
of blood pressure up to 210 mm. Hg. Thereafter, 
the blood pressure reached a range (120 to 150 mm. 
Hg) equal to or slightly above the preoperative 
level. However, the blood pressure remained mark- 
edly unstable, increasing as much as 150 mm. Hg in 
a few seconds with minor disturbances which 
caused apprehension or attention without actual 
struggling. Frequently, the pressure remained 
high during the first arterial puficture (3 to 5 
minutes), but fell during the second or third punc- 
ture. The pressure tended to remain high as a 
result of noise, a strange observer, or infrequent 
handling, especially in high-spirited dogs. 

Because of the marked influence of slight dis- 
turbances on these dogs, we studied the effect 
of measuring the blood pressure in the animal 
quarters. In this noisy environment the readings 
were 30 to 100 mm. Hg above values obtained in 
the quiet room. A fifth dog was observed by 
another investigator to be hypertensive (220 mm. 
Hg) three months after denervation when meas- 
urements were made in the animal quarters. For 
one month thereafter we found that in a quiet 
room, although the initial pressures were 210 to 
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280 mm. Hg, the final pressures of the first to third 
arterial puncture were 110 to 155 mm. Hg. 

We believe that the difference of opinion as to 
the occurrence of a permanent hypertension in 
dogs after buffer nerve section can be explained 
by differences in the techniques of measuring 
blood pressure and/or in the conditions under 
which it is measured. 

The effect of temperature change on blood flow 
through the small intestine. HamppEN Lawson. 
Dept. of Physiology, Univ. of Louisville School 
of Medicine, Louisville, Ky. Loops of ileum, 10-12 
em. long, were prepared with long mesenteric 
pedicles in barbitalized dogs, for immersion in a 
small temperature-controlled bath containing 
0.9% .NaCl solution. The volume flow of blood 


into the loop was measured by differential arterial - 


manometry. Control observations were made with 
bath temperature at 37-38°C. 

The immediate effects of temperature change 
were the reverse of those usually reported for 
other organs. An increase in flow, as much as 100% 
above the control rate, was obtained when bath 
temperature was reduced 10°, while 25-40% de- 
creases were observed when temperature was 
raised 4°. These effects reached a maximum within 
5-10 minutes and slowly subsided, flow through 
the chilled loop finally reaching a level below, and 
through the warmed loop above the control rate. 
The total duration of the anomalous response was 
10 to 20 minutes. These responses were obtained 
with temperature changes as small as 1°, at rates 
of change as low as 2°/min. The responses were 
unaffected by section of the mesenteric nerves, 
and cocainization of the loops. They were ob- 
tained equally well on application of heat or cold 
to the mucosa alone. 

Immediate increases in flow were obtained at 
temperatures above 42°, which persisted for 30 
minutes or longer after return to control tem- 
perature. During this period anomalous responses 
were not obtained. 

Spreading depression of electrical activity in the 
cerebral cortéx. A. A. P. Leio (introduced by 
Hallowell Davis). Harvard Medical School, Bos- 
ton, Mass. Electrical or mechanical stimulation of 
the rabbit’s cerebral cortex (dial), below threshold 
for electrical after discharge, markedly depresses 
the spontaneous electrical activity. The depres- 
sion successively affects adjacent areas and within 
3 to 5 minutes involves all of the dorso-lateral cor- 
tex except area Rsg® of Rose. Recovery of the 
initial pattern of spontaneous activity requires 5 
to 10 minutes at each region. With weak stimula- 
tion depression at any region runs the same course 
regardless of the region stimulated. The wave of 
depression is most easily initiated in the frontal 
regions. Only with supraminimal stimulation does 
the depression spread to the opposite hemisphere, 


FEDERATION PROCEEDINGS 


then appearing first in the region symmetrical t 


the point of stimulation and thence spreading ag 


in the stimulated hemisphere. During depressio 
the cortical electrical responses to touch, illumina- 
tion of the retina, electrical stimulation of sensory 
nerves or of the same or the opposite hemisphere, 
and local applications of strychnine or of eserine 
plus acetylcholine are all reduced. Shocks applied 
to a depressed region fail to elicit typical responses 
in the opposite non-depressed hemisphere. During 
depression of the spontaneous electrical activity, 
specific, large, slow, localized waves often appear. 
One electrode becomes usually negative with re’ 
spect to others 1 to 3 mm? distant. Fast compo- 


‘nents may also appear, and the activity when in- 


tense closely resembles the ‘‘seizure pattern’’ 0 
experimental epilepsy. A wave of marked arterial 
dilatation and increased blood flow in the pial 
veins travels over the hemisphere simultaneously 
with the wave of depression of electrical activity. 

The successful treatment of so-called “‘irreversi 
ble’? shock by whole blood supplemented with 
sodium bicarbonate and glucose. R. Levine, B: 
Hupp estun (by invitation), H. Prersxy (by 
invitation) and 8. Soskrn. A series of 64 unanes: 
thetized dogs was brought to the “irreversible” 
stage of shock by repeated bleeding, which was 
done in amounts and at intervals such as to repro’ 
duce a more or less standard pattern for all. This 
pattern was the rapid reduction of the blood pres: 
sure to 50 mms. Hg. or less, and a slower decline 
over 1} to 2 hours to the lowest pressures com 
patible with life. Therapy was withheld until the 
plasma CO. capacity fell to 15 vols. per cent or less. 


REsvutts: 





| 

Dose of | 

supple- | 

ment 

(gm./ 
kg.) 


Lowest | 
COz | 


W.B. + NaHCO; | 

W.B. + NaSuce. 

W.B. + NaLact. 

W.B. + NaHCO; 
+ Glucose 


15.8 

















* Average for group. 
+ W.B. = whole blood. 


Concuusions: 1. Acidosis, while not the caus 
of shock, is an important factor in determinif 
the reversibility of far-advanced shock. 

2. A large proportion of dogs ordinarily con 
sidered to be in ‘irreversible’ shock will survivq 
if treated with whole blood supplemented }! 
NaHCO; and glucose. [The work described in thi 
paper was done under a contract recommended | 
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the Committee on Medical Research, between the 
B Office of Scientific Research and Development and 
the Michael Reese Hospital, Chicago, Illinois (Re- 
sponsible Investigator, Samuel Soskin).} 

A new standardized method to produce shock and 
assay plasma substitutes. S. O. Levinson (by in- 
vitation), MarrHa JANOoTA (by invitation), F. 
Arimoto (by invitation) and H. NEcHELEs. 
The Samuel Deutsch Serum Center and The 
Dept. of Gastro-Intestinal Research of Michael 
Reese Hospital, Chicago. A uniform method for 
the evaluation and comparison of blood substi- 
tutes is needed badly. The following technic is 
proposed to overcome this need. Unanesthetized 
dogs are bled 23, 21, 19, 17 and 15% of their deter- 
mined blood volumes at hourly intervals. At the 
half-hour interval following each hemorrhage a 
volume of plasma substitute equal to the volume of 
plasma removed is infused, followed by the ani- 
mal’s packed red cells. Ten % additional bleeding 
is withheld for determinations. The reinfusion of 
the red cells forestalls development of anemic 
anoxia. 

Blood pressure is recorded. CO. content is de- 
termined } hour after each hemorrhage and each 
infusion. Resistance to hemorrhage, clinical con- 
dition and probable survival is found to be ex- 
pressed by a value obtained by multiplying the 
systolic blood pressure by the CO, content meas- 
ured $ hour after the first hemorrhage, before rein- 
fusion. We have called this ‘“‘The Factor of Prob- 
able Survival.” The efficacy of a blood substitute 
‘an be determined in animals with a factor be- 
tween 1700-2000, which we have found to be a 
critical range. The above method has been em- 
ployed in over 80 dogs and by applying the ‘‘Factor 
of Probable Survival’? we can group the animals 
according to their biologic variations, thus permit- 
ting for a comparison of different plasma substi- 
tutes. The return of the red cells eliminates the 
factor of oligo-erythremic anoxia and provides a 
more strict method for the assay of substances de- 
signed to replace plasma rather than whole blood. 

The effect of bile salts on fatty liver production in 
gdogs. TSAN-WEN Li (by invitation) and Smirx 
FREEMAN. Dept. of Physiology, Northwestern 
Univ. Medical School, Chicago, Ill. Protein-defi- 
cient high-fat diets with or without a cholesterol 
supplement cause fatty livers in dogs, but the 
degree of infiltration varies greatly. This may be 
due to poor fat absorption caused by an inade- 
quate flow of bile into the intestine. 

23 dogs were included in the present study, 10 
Were fed a protein-deficient high-fat (33 per cent) 
diet and 13 were fed the same diet plus cholesterol 
(0.1 gm./Ib. body weight). 3 dogs from each group 


received 2.8 gm. desiccated ox-bile salts (Wilson) 


daily with their food. 
The decrease in dye clearance and elevation of 


serum phosphatase were not much influenced by 
the added bile salts, nor was the degree of lipemia. 

All animals were sacrificed when moribund. The 
fat content of the fresh wet livers were as follows 
(average figures in parenthesis): 





Total fat Cholesterol 
70 % 





Without cholesterol: 
No bile salt 
With bile salt......... 


6.6-31.9 (16.2) |0.23-0.38 (0.27) 

14.5, 17.9, 24.8 |0.44, 0.39, 0.38 

(19.1) (0.40) 

With cholesterol: 
No bile salt 


sii 1.6-43.0 (26.3) |0.59,3.50 (1.80) 
With bile salt... 


28.9, 29.3, 35.4 |2.41, 1.35, 1.52 
(31.2) (1.76) 














These data suggest that the percentage of fat in 
the liver is more uniformly high in those animals 
fed bile salts. A lack of bile salt formation may 
explain the small amount of fatty infiltration ob- 
served in some animals fed a_ protein-deficient 
high-fat diet. 

The effect of chronic hyperbilirubinemia upon the 
dye clearance and serum phosphatase of normal 
dogs. TSAN-WEN [1 (by invitation), F. E. Snapp 
(by invitation), V. H. Houeu (by invitation) and 
A.C. Ivy. Dept. of Physiology, Northwestern Univ. 
Medical School, Chicago, Ill. A plasma bilirubin 
concentration of 14-18 mg. per cent was obtained 
in 6 dogs by 5 intravenous injections each consist- 
ing of 50 mg. bilirubin (Searle) in 50 cc. of dog 
plasma in 4-6 hours. The decline of bilirubinemia 
was rapid the first day, less so the second and third 
days, and its disappearance from the circulation 
was still incomplete 10-12 days after injection. 
Rose Bengal clearance decreased to 27-65 per cent 
(ave. 43 per cent) of normal by the morning follow- 
ing the injection, at which time the plasma bili- 
rubin was 9.3-5.8 mg. per cent (ave. 7.3 mg. per 
cent). All animals, except one, regained the normal 
rate of dye clearance by the 8th day. The serum 
phosphatase remained unchanged throughout the 
experiment. 

A chronic hyperbilirubinemia (ave. about 6 mg. 
per cent) was maintained in 3 dogs for 4 weeks by 
repeated injections. The dye clearance decreased 
to an average of 55 per cent of normal. In a few 
instances, a slight elevation of serum phosphatase 
(7-8 Bodansky units) occurred but did not persist. 

The injection of similar volumes of plasma alone 
produced only a very slight depression in dye 
clearance and slight elevation of serum phos- 
phatase. 

The animals with hyperbilirubinemia remained 
in good health and nutrition. 

The experiments indicate that hyperbilirubine- 
mia reduces the dye clearance by liver. The lack of 
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any correlation between the reduced excretory 
capacity of the liver and the serum phosphatase is 
further evidence favoring the view that serum 
phosphatase is not excreted by the liver. 

The effect of dietary protein on the susceptibility 
of dogs to benzene poisoning. TsAN-wEeN Li (by 
invitation), V. H. Hoven (by invitation) and 
Smith Freeman. Dept. of Physiology, North- 
western Univ. Medical School, Chicago, Ill. Four- 
teen dogs have been exposed for 40 hours per week 
to the vapors of commercial benzene at a concen- 
tration of 600 p.p.m. by volume. Diets of known 
composition were fed in which the fat or protein 
content was varied. The four diets fed were: (1) 
High protein (2 gms./lb. body wt.)—High fat (33 
per cent); (2) High protein-Low fat (15 per cent); 
(3) Low protein (1 gm./Ib. body wt.)-High fat; 
(4) Low protein-Low fat. The criteria used to 
determine the susceptibility of the dogs to benzene 
fumes were: survival time, degree of leucopenia, 
percentage conjugation of urine sulphates, liver 
function (Rose Bengal Dye Clearance), red blood 
cell and platelets counts. The results indicate that 
animals receiving the low protein diet are much 
more susceptible to benzene fumes than are ani- 
mals on a high protein diet. No definite conclusion 
has been drawn as to effect of dietary fat on sus- 
ceptibility to benzene. The changes observed in 
exposed animals on the low protein diet occurred 
with a rapidity and severity which control studies 
prove could not be attributed to the diet alone. 
Seven animals receiving the low protein diet have 
succumbed to the benzene fumes after an average 
exposure of 14 weeks. Two low protein animals 
are alive at the present time after 23 and 11 weeks 
of exposure respectively. Two of the high protein 
animals have died, one survived 50 weeks, the 
other 43 weeks; while two animals on this diet are 
still alive after 52 and 23 weeks of exposure respec- 
tively. [This study was assisted by a grant from the 
Velsicol Corporation.] 

Effect of heparin on growth of lupinus albus. 
Davin I. Macut. Pharmacological Research Lab., 
Hynson, Westcott & Dunning, Inc., Baltimore, Md. 
The effect, of various concentrations of heparin was 
studied on root growth of Lupinus albus seedlings, 
large variety. Control seedlings were grown in 
Shive plant-physiological solution according to 
the author’s technique (described elsewhere) in 
the dark at 20°C. Other seedlings from the same 
crop and under exactly the same ecological condi- 
tions were grown in heparin solutions ranging from 
1:5,000 to 1:100,000 in concentration. Results of 
numerous experiments with each concentration 
revealed a peculiar growth curve. Certain concen- 
trations of heparin stimulated root growth while 
others definitely inhibited it. Thus, concentrations 
of 1:20,000, 1:50,000, 1:80,000 and 1:100,000, re- 
spectively gave 108, 120, 110 and 110 per cent as 
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indices of growth. On the other hand, concentra- 
tions of 1:30,000 and 1:70,000 gave a phytotoxic 
index of 70 and of 75 per cent, respectively. This 
phytopharmacological phenomenon was obtained 
with all makes of heparin examined. On the other 
hand, experiments with sodium salt of polyane- 
thole sulphuric acid, a synthetic homologue of 
heparin, revealed no such growth-stimulating ac- 
tion but inhibited growth in all the concentrations 
examined. 

Influence of sulfanilamide and para-amino ben- 
zoic acid or frogs’ eggs and larvae. Davip I. 
Macur. Pharmacological Research Lab., Hynson, 
Wesicott, & Dunning, Inc., Baltimore, Md. Fer- 
tilized eggs of Rana sylvatica were placed in solu- 
tions of various concentrations of sulfanilamide 
and para-amino benzoic acid to ascertain their 
effect on the development and growth of tadpoles. 


In solutions ranging from 1:5,000 to 1:2,000 sulf-¥ 


anilamide was not very poisonous for frogs’ eggs 
but para-amino benzoic acid, or Paba, killed them. 
Combinations of sulfanilamide and Paba acted 
synergistically, i.e., exerted more toxicity than 
could be explained by adding their respective 
effects. Tadpoles from 3 to 21 days old were also 
not much affected by sulfanilamide. Thus, con- 
centrations of 1:1,000 of sulfanilamide were not 
fatal. On the other hand, a solution of Paba, 
1:1,000, produced death. The toxicity of Paba was 
due not to its pH but to an intrinsic effect of the 
molecule. Combinations of the two drugs also 
exerted a synergistic action on tadpoles from 2 to4 
days old. On larger tadpoles, 3 weeks old, the 
synergistic action was not so pronounced. 

The toxicity of duponal for living tissues. Da vip 
I. Macut. Pharmacological Research Lab., Hyn- 
son, Westcott & Dunning, Inc., Baltimore, Md. An 
inquiry was made into the effects of ‘‘Duponal” 
(sodium lauryl sulphate) on rabbits, guinea pigs, 
rats and mice. Subcutaneous and intramuscular 
injections of 0.1 per cent solutions in water and 
saline destroyed the tissues injected. Even 1 c.c. of 
a 0.01 per cent solution produced definite necrotic 
changes at site of injection. Applications to the 
surface of the skin and mucous membranes were 
not very irritating. However, instillation into the 
conjunctival sac of cats and rabbits produced irr- 
tation and reddening. Intraperitoneal injections 
of a 0.01 per cent solution in mice were fatal. 
Intravenous injection of as much as 5 c.c. of a 0.1 
per cent solution was not dangerous but produced 
a fall in blood pressure and depression of the 
respiration. 

Toxicity of cobra neurotoxin for previously treated 
mice. Davip I. Macur. Pharmacological Research 
Lab., Hynson, Westcott & Dunning, Inc., Balli- 
more, Md. The solution of cobra venom (H. W. & 
D.) employed consisted almost entirely of cobra 
neurotoxin, m.l.d.gg. Six series of mice were re- 
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peatedly studied. The first series, made up of con- 
trols, gave m.l.d.gg. A second series of mice was 
injected with sublethal doses of digitalis tincture 
after evaporating the alcohol and replacing its 
volume with physiological saline. A week or more 
after recovery from the digitalis poisoning, the 
mice were injected with the neurotoxin solution. 
In this series the cobra venom produced less mor- 
tality than it did in the control mice. A third series 
of mice was poisoned with HgCl, in saline (0.01 c.c. 
per gram weight), a dose producing many deaths. 
The surviving animals, exhibiting definite ne- 
phritie histological changes, were injected with 
cobra venom a week or two later. There was no 
increase in mortality of these mice due to kidney 
injury as compared with the controls. The fourth 
series of mice recovered from injections of sulfanil- 
amide, 5 ¢.c. of 0.5 per cent solution and of ponto- 
sil, 1 per cent. Subsequent injections of cobra 
B venom did not increase mortality rate of the fourth 
series. Sublethal doses of cobra venom were in- 
jected in mice of the fifth series. Subsequent injec- 
tion of standardized cobra venom greatly in- 
creased the mortality rate. In the sixth series of 
mice studies were made on the relation of cobra 
venom to thiamin. Mice raised on a thiamin- 
deficient diet succumbed to cobra venom more 
quickly than the controls. On the other hand, in- 
jections of 1 to 2 mg. of thiamin for three succes- 
sive days reduced mortality as much as 50 per cent. 
The results of the experiments described above 
indicate that cobra neurotoxin does not injure 
either heart or kidney but is a specific neurological 
poison. 

The effect of anoxia on fat absorption in rats. 
P. L. MacLacuian and C. Wooprow THACKER 
(introduced by E. J. Van Liere). Albino rats of 
both sexes, weighing about 200 gm. each, were 
fasted 48 hours and given 1.5 ec. of corn oil (1.385 
+0.01 gm.) by stomach tube under light ether 
anaesthesia. After fully recovering consciousness 
(1-2 minutes) the experimental rats were subjected 
to a reduced pressure of 254 mm. of Hg. (equiva- 
lent to an oxygen tension of 7.03 per cent) in a 
specially constructed steel respiratory chamber. 
Controls were kept at atmospheric pressure. Four 
hours after feeding, the amount of unabsorbed fat 

fin the stomach, small intestine and caecum was 
quantitatively determined and the value obtained 
used to calculate the percentage absorption, cor- 
rection being made for the fat present in the fasted 
gut. 

The average amount of fat absorbed (31.8 per 
cent) by ten rats subjected to low oxygen tension 
Was significantly less than that absorbed (57.1 per 
cent) by ten control rats; the P value (Fisher) was 
less than 0.001. 

Experiments are in progress to determine the 
threshold of fat absorption by subjecting rats to 


various oxygen tensions. It is also planned to 
determine the effect on fat absorption of pressures 
lower than 254 mm, of Hg. 

The negative intrapleural pressure: ‘‘Cart before 
the horse.”” N. S. Rustum Matur. School of 
Medicine, Georgetown Univ., Washington, D. C., 
and Harvard Medical School. Standard physiologi- 
cal text-books state that the negative intrapleural 
pressure determines pulmonary expansion. We 
present models and actual experiments on live ani- 
mals showing that the negative intrapleural pres- 
sure does not determine pulmonary expansion 
except in pneumothorax. The negative intrapleu- 
ral pressure is merely the result of the retractile 
tension of the lungs. 

The factor which maintains the undiminished 
expansion of an elastic bag surrounded by liquid 
without a free surface is the tensile strength of the 
liquid. The bag surrounded by air will yield some- 
what when it produces a negative pressure about 
itself by its retractile force; the bag surrounded by 
liquid without a free surface will not yield at all. 
vacuating the lungs of an animal will not cause 
any pulmonary collapse, unless the lungs are torn. 
The same applies when a vacuum is simultaneously 
produced both inside of the lungs and external to 
the chest (Roth’s experiment). The lungs are held 
to the thorax, including the diaphragm, by a liquid 
with a high tensile strength. We described a model 
which demonstrates pulmonary mechanics with 
the above physical facts considered. 

Brauer and Roth and others who have gone to 
the other extreme by denying the existence of a 
negative intrapleural pressure on the basis of the 
high tensile strength of water, confused two dif- 
ferent phenomena: (1) tensile strength, which is 
relatively constant and merely states the strain 
at rupture when no free surface is present, and (2) 
the forces which cause fluids to flow—hydrostatic 
and atmospheric pressure. 

The absence of pleural clefts in certain mammals: 
a theory of its mechanical significance. N. S. 
Rustum Matur. Harvard Medical School. It has 
been known for long that elephants, whales, and 
dolphins have no pleural clefts. Dense connective 
tissue unites the visceral and parietal pleurae. 

I submit the following statements for mammals 
with obliterated pleural clefts: (1) Gliding (shear- 
ing) movements of the lungs against the thorax, 
which occur in other mammals but are of course 
impossible in these, are no longer necessary be- 
cause ventilation of the pulmonary apices is no 
longer a problem and the diaphragmatic surface 
of the lungs is greatly preponderant. (2) The parie- 
tal and visceral pleurae can therefore afford to be 
united by actual tissue; it becomes no more neces- 
sary to run the imminent risk of pneumothorax 
whenever the lungs are torn. (3) The sudden great 
changes in volume which the lungs of these mammals 
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undergo probably would not otherwise be possible 
because of the danger of pneumothorax resulting 
from pulmonary rupture. In the whales and dol- 
phins, brisk rises to the surface must produce sud- 
den pulmonary distension because their thoracic 
cage is incomplete and thus relatively plastic to 
changes in hydrostatic pressure. When drinking, 
elephants inhale several liters of water through 
their long narrow trunk and then exhale it into 
their mouth under considerable pressure; the 
whole process takes only a few seconds and in- 
volves sudden large charges in pulmonary volume 
with steep fluctuations in intrapulmonary 
pressure. 

Incidentally, these animals can have no negative 
intrapleural pressure because the retractile ten- 
sion of their lungs is exerted directly on the thorax 
and diaphragm and not on an intrapleural fluid. 

Studies on the detoxification of barbiturates. G. 
Masson and E. BELAND (introduced by H. Selye). 
Dept. of Anatomy, McGill Univ., Montreal, Can- 
ada. In order to establish the site of detoxification 
of barbiturates in the body, we determined the 
duration of anesthesia produced by various bar- 
biturates in intact, completely nephrectomized or 
partially hepatectomized (75% of the liver re- 
moved) rats under identical conditions. Since in 
the absence of detoxifying tissue the activity of 
these anesthetics is prolonged, it was possible thus 
to estimate what proportion of each of these com- 
pounds is detoxified by hepatic, renal and other 
tissues of the body. From the data obtained with 
twenty-five compounds, barbiturates can be classi- 
fied into four groups. Group I: Those mainly de- 
toxified in the kidney (e.g. barbital). Group II: 
Those mainly detoxified in the liver (e.g. ipral, 
amytal, nembutal, ortal, phenobarbital, alurate, 
nostal, seconal, allyl-pental, evipal, thioethamy]l, 
sec. hexyl-ethyl, 1-methyl-allyl-isobutyl, 1-meth- 
yl-propylerotyl and n-allyl-l-methyl-butyl-ethyl 
barbiturates. Group III: Those approximately 
equally detoxified in the liver and kidney (e.g., 
neonal, delvinal, phanodorn, dial). Group IV: 
Those possibly detoxified in other tissues of the 
body, but not to any great extent in liver or kidney 
(pentothal, l-methyl-allyl-propyl and 1|-methyl- 
allyl-allyl thiobarbiturates). 

The effect on metabolism of iodination of protein 
under conditions compatible with life. J. F. Mc- 
CLENDON and Wa. C. Foster (by invitation). 
Research Lab. of Physiology, Hahnemann Medi- 
cal College, Phila. Since Bliakher and Belkin as 
well as Uhlenhuth and Winter showed that a crys- 
tal of iodine implanted in a hypophysectomized 
axolotl would cause it to metamorphose, and since 
the axolotl might contain thyroglobulin of low 
metabolic activity capable of being increased by 
iodination, iodination of thyroglobulin under con- 
ditions compatible with life was studied. Rats of 
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about 170 grams in weight were selected and found 
to have a basal metabolic rate (B.M.R.) averaging 
30 calories per square meter of body surface per hr. 
under light delvinal anesthesia. One rat was fed 
half a gram of dry thyroglobulin from a goiter and 
its B.M.R. on the 2nd, 5th and 7th day found to 
average 41.17 calories per square meter per hour. 

Another portion of this thyroglobulin was dis- 
solved in bicarbonate-containing, physiological 
salt solution and stirred with iodine crystals for 
20 hours at body temperature, then freed from 
inorganic impurities and dried. One half gram was 
fed to a similar rat and the B.M.R. on the 2nd, 
4th and 7th day was found to average 44.2 calories 
per square meter per hour. The increase of more 
than 3 calories was evidently due to the iodination 
of the protein under conditions similar to those 
surrounding the crystal implanted in the axolotl. 
Such a process may have accounted for the meta- 
morphosis. 

Rate of absorption of acetate by the gut and trans- 
formation in the liver. J. F. McCLenpon and 
JouNn Scorr. Research Lab. of Physiology, Hahne- 
mann Medical College, Phila. Absorption of ace- 
tate increases the volatile fatty acid (VFA) in the 
blood, which is expressed in terms of cc. of 0.01 V 
CO,-free NaOH neutralizing the CO,-free distil- 
late of 100 cc. of blood by the method of McClen- 
don (Federation Proceedings 2: 66, 1943). After 
injection of 100 cc. 0.2 N sodium acetate into the 
duodenum, the VFA in the portal vein rose in 4 
minutes (from a basal level of 3) to 21. At the 12th. 
minute it was 13 and 16th. minute 11. It dropped 
by the 50th. minute to 4 and remained constant 
until by the 120th. minute, then dropped by the 
160th. minute to the basal level of 3 (when it was 
the same in the hepatic and iliac veins). The VFA 
in the iliac artery rose (from a basal level of 3) by 
the 13th. minute to 4 and remained constant until 
the 24th. minute then dropped by the 56th. minute 
to 3. The VFA in the iliac vein remained constant 
at 3 for the entire period. 

When 50 cc. of 0.2 N acetate was injected into 
the right iliac vein the VFA rose in the left iliac 
vein within 1 minute to 24, then returned within 
10 minutes to the basal level of 3. 

When 2 liters of 0.2 N acetate was injected into 
the right iliac vein continuously at the rate of 4 cc. 
per minute the VFA in the left iliac vein increased 
to 4, at 7 ec. per minute the VFA was 7, at’8 cc. per 
minute the VFA was 9 and at 14 ec. per minute the 
VFA was 38 and there was a marked increase in the 
amplitude of the rhythmic contractions of the 
duodenum as registered by the balloon method. 

Since the acetate was trapped by the liver, this 
is in accord with the belief that it is metabolized 
although not transformed into glucose. 

A simplified test for the presence of necrosin in 
various body fluids. Vaty MENKIN. Fearing 
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Research Lab., Free Hospital for Women, Brook- 
line, Mass. Earlier studies by the writer have indi- 
cated that severely injured cells release into 
inflammatory exudates a substance capable of ac- 
counting for the basic pattern of injury in inflam- 
mation (Arch. Path. 36: 269, 1943). This substance, 
which is associated with the euglobulin fraction 
of exudates, seems to be an atypical euglobulin, 
i.e., if it proves to be a euglobulin at all. For in- 
stance, in contrast to typical euglobulins, this 
substance, termed necrosin, fails to be dissolved 
by the presence of Na Cl. Necrosin has been shown 
to induce fever and as such it seems to be the only 
fraction of exudates capable of inducing this type 
of reaction (Proc. Soc. Exper. Biol. and Med. 54: 
184, 1943). This observation may throw further 
light on the exact mechanism of fever formation 
with inflammatory processes. Further studies indi- 
cate that not only the dog develops an elevation in 
temperature by the intravascular injection of 
necrosin, but that the rabbit is likewise extremely 
sensitive in developing fever upon the intravenous 
injection of necrosin. The temperature may be- 
come elevated from one to several degrees Fahren- 
heit within a very few hours following the intro- 
duction of the substance. This pyrogenic reaction 
in the rabbit seems to be so specific as to render it 
conceivable that this animal may be well used for 
the testing of necrosin in various body fluids. [Sup- 
ported by a grant from the Johnson & Johnson Re- 
earch Foundation, New Brunswick, New Jersey; 
and also by a grant from the Dazian Foundation 
or Medical Research.| 

Effects of bilateral, simultaneous ablation of area 
4,area 6 and areas 4 and 6 from the simian cerebral 
ortex,. Frep A. Mertier. Dept. of Neurology, 
College of Physicians and Surgeons, Columbia 
Univ. Bilateral removal of area 4 immediately 
produces marked sensitivity to labyrinthine and 
proprioceptive righting reflexes and resistance to 
passive movements which oppose these reflexes. 
While the sensitivity diminishes and the animal 
jearns to walk, the legs continue to be somewhat 
nternally rotated and adducted and the toes ex- 
ended and abducted. Extensor movements con- 
inue to be exaggerated. Mastication, fine digital 
nnd extreme degrees of large muscle movement 
are acutely abolished and chronically impaired. 
lantar response becomes difficult to elicit, thresh- 
bid of patellar reflex is raised, response is brisk and 
eflexogenous zone is restricted. None of these phe- 
homena are related to damage of area 6 and such 
lamage does not produce, either primarily 
br secondarily, any resistance, or increase in 
esistance, to passive movement. A phase I 
grasp reflex can be reliably elicited after bilateral 
» removal and a phase I response is also seen 
Mter bilateral, simultaneous removal of 4 and 
). Bilateral 6 removal produces pronounced but 


temporary manual apraxia, spontaneous ambula- 
tory overactivity (bilateral removal of Walker’s 
area 13 cortex without other damage has no effect 
upon the kinetic state), irregular plantar re- 
sponses, slight rise in patellar reflex threshold and 
spreading of this reflex. Stiffness after area 4 
removal is result of removal of 4S (which lies in 
area 4, not between it and 6) and has nothing to do 
with area 6. Removal of caudal parts of area 4 
abolishes primate manual feeding pattern but 
hands are not paralysed and are used in infra- 
primate patterns. 

Effect of parathyroid removal on the serum cal- 
cium and inorganic phosphorus of nephrectomized 
dogs. E. P. MonaAnHAN (by invitation) and SmiTH 
FREEMAN. Dept. of Physiology, Northwestern Univ. 
Medical School, Chicago, Ill. It has been proposed 
that the parathyroid gland affects the level of 
serum calcium by virtue of its effect on the excre- 
tion of phosphorus by the kidney. 

Fifteen large (20 kilo.), adult dogs were bilat- 
erally nephrectomized. Eight of the animals had a 
total thyroparathyroidectomy at the time of ne- 
phrectomy. Studies were made of the serum cal- 
cium, serum inorganic phosphate, alkaline serum 
phosphatase, and the non-protein nitrogen. Deter- 
minations were made immediately prior to opera- 
tion, 12 hours following, and at 24 hour intervals 
thereafter. 

The average survival time of the animals under- 
going parathyroidectomy was 74 hours, while 
average survival of the animals having only the 
kidneys removed was 95 hours. 

The serum calcium values of the nephrectomized 
dogs remained within normal limits (11.0-10.2 
mgs. per cent), while the serum calcium of the 
thyroparathyroidectomized group was depressed 
from an average control value of 11.3 mgs. per cent 
to an average value of 5.9 mgs. per cent in an 
interval of 72 hours. 

The serum inorganic phosphate of both groups 
of animals was greatly elevated. For the nephrec- 
tomized group the average value in 72 hours was 
25.6 mgs. per cent, an increase of 21 mgs. per cent. 
The animals with nephrectomy and thyropara- 
thyroidectomy averaged 17.1 mgs. per cent within 
the same period, an increase of 13.3 mgs. per cent. 

The marked difference in the behavior of the 
serum calcium in the two groups of animals, in 
spite of a similar elevation of the serum inorganic 
phosphorus, indicates that the parathyroid gland 
exerts a direct effect in maintaining the serum cal- 
cium level, which is not dependent upon kidney 
function. 

Electrical conductivity in plasmodium as affected 
by comminution and heat death. A. R. Moors 
and P. VAN RyssELBERGHE (by invitation). Depts. 
of Psychology and Chemisiry of the Univ. of Oregon, 
Eugene. Plasmodium polycephalum grown on 
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Cohen’s medium supplied the living substance 
which was collected from the sides of the culture 
vessels. The material was put into a glass cell 
provided with movable needle platinum electrodes 
placed vertically 11 mm. apart. After the sub- 
stance (8 cc.) was packed in place, the electrodes 
were plunged in and secured. Cell constant = 
0.565. Readings were made with the vessel in an oil 
bath at 25°C. In series 1 the culture medium was 
made up with tap water, in series 2 with dilute 
Ringer = approximately M/32 NaCl. Conductance 
was determined for 3 conditions of the plasmo- 
dium; gently pressed into the cell, comminuted by 
forcing through silk gauze of pere size 0.2 mm., 
killed by heating in boiling water for a few 
minutes. 


Specific conductance of Plasmodium 





Commi- 
nuted 


0.002224 
0.003025 


Culture 


Normal 





0.002404 
0.003215 


0.000767 
0.003580 


0.001738 
0.002637 


Series 1 
Series 2 





The results consistently show an increase of con- 
ductance on comminution, still further with heat 
death. This suggests that formed elements are 
responsible for maintaining some of the electrical 
resistance. Comminution to 0.2 mm. partially de- 
stroys this resistance and heat death carries the 
process farther. An increase in the conductance of 
the medium results in an increase in that of the 
plasmodium grown on it. 

The effect of certain vitamins experimental in 
renal hypertension. W. G. Moss (by invitation) 
and G. E. Waxerutn. Dept. of Physiology, Univ. 
of Illinois College of Medicine. Unquestionably the 
hypertensive effect of the Goldblatt kidney in 
experimental renal hypertension involves some 
change in the metabolism of the renal cells. Vita- 
mins are well-known to constitute part of cellular 
enzyme systems or otherwise to influence cellular 
metabolism. Consequently we studied the effect 
of certain vitamins by mouth in experimental 
renal hypertension. Moreover therapeutic effects 
in essential hypertension have been claimed for 
certain vitamins (A, B complex and C). 

Three hypertensive dogs treated with one lot 
of a particular vitamin A concentrate (200,000 
units per day for three months followed by 400,000 
units per day for an additional three months) 
showed striking reductions in blood pressures. 
These reductions were later shown to have been 
due to some component of the preparation other 
than vitamin A since three other lots of the same 
vitamin A concentrate were without antihyper- 
tensive effect in four hypertensive dogs. We are 
now studying various fish liver oil and fish oil 
fractions in an effort to obtain this orally effec- 
tive antihypertensive substance. 


One dog treated with a vitamin B complex con- 
centrate (containing thiamin 0.15 mgm., ribo- 
flavin .01 mgm., pyridoxine 0.15 mgm., nicotinic 
acid 2 mgm., and pantothenic acid 0.4 mgm. per 
cc.) in a dose of 8 cc. per day for six weeks followed 
by 12 cc. per day for an additional four weeks 
showed no reduction in blood pressure. One dog 
treated with ascorbic acid in a dose of 1 gm. per 
day for a period of four months showed no change 
in blood pressure. One dog treated with vitamin E 
in a daily dose of 100 mgm. of ‘mixed tocopherols 
(equal inactivity to 60 mgm. of alpha-tocopherol) 
for five months showed no reduction in blood 
pressure. [Aided by a grant from the Winthrop 
Chemical Company.] 

Repeated exposure to simulated high altitude: 
estrus cycles and fertility of the white rat. Dorotuy 
NELSON and M. W. Burritt (introduced by A. C. 
Ivy). Dept. of Physiology, Northwestern Univ. 
Medical School, Chicago, Ill. Ten young adult 
females with normal cycles (established by daily 
vaginal smears for 23 days) were exposed in a low 
pressure chamber to a simulated altitude of 18,00 
feet, 1 hour daily for varying lengths of time (2-5 
months). Daily smearings during the exposure 
period showed only the slight irregularities in 
the duration of the various phases of the cycle 
generally found in normal animals. There was no 
tendency, even in the rats exposed for 5 months 
toward prolonged estrus or anestrus. Eight of the 
10 females became pregnant after exposure was 
discontinued. The two which did not become preg- 
nant had been exposed for four months. However 
3 others exposed for a longer time (5 months) did 
become pregnant, so it is concluded that repeated 
exposure to anoxia, to the degree used in these 
experiments, does not interfere with the reproduc- 
tive physiology of the white rat and does not 
reduce fertility. [This study was assisted by a granl 
from the Clara L. Abbott Fund.] 

Repeated exposure to simulated high -altitude: 
weights of adrenals, testes and seminal vesicles in 
the white rat. Dorotay Netson and M. WI 
Burritt (introduced by A. C. Ivy). Dept. a 
Physiology, Northwestern Univ. Medical School, 
Chicago, Ill. A group of 19 adult male white rats 
was exposed to reduced pressure (equivalent t0 
an altitude of 18,000 feet) 1 hour daily for 50 days. 
The weights of the testes, seminal vesicles and 
adrenals were compared with the organ weights 
of a control group of 21 animals. The average body 
weights of the two groups were equivalent at thé 
start, but the control group gained slightly mor 
during the experimental period (final averagt 
weights: experimental 221 gm., control 248 gms.). 
There was no difference between the two groups il! 
the weights of the testes and adrenals even whel 
compared on the basis of organ weight/bod} 
weight ratio. The seminal vesicles of the exposed 
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rats, although smaller than the controls, were not 
significantly different when compared on the basis 
of organ weight/body weight ratio. 

In an experiment involving more drastic ex- 
posure for shorter total periods, Tornetta et al 
(Proceedings 1943) found significant changes in the 
weights of seminal vesicles, testes (decreased) 
and adrenals (increased). Evidently a more 
chronic but less intensive exposure to anoxia, as 
in the present experiment, fails to produce the 
same changes. [T'his study was assisted by a grant 
from the Clara L. Abbott Fund.]| 

Sensations arising during the passage of a con- 
stant galvanic current. Eric OapEeN. Univ. of 
Texas Medical Branch, Galveston and CHaR.gs F. 
DaLzieL (by invitation). Univ. of California, 
Dept. of Electrical Engineering, Berkeley. While 
direct currents up to 83 m.a. were passing through 
the palm, wrist, and forearm in experiments on 
electrical safety, (Dalziel, Ogden, and Abbott, 
Electrical Engineering 62: 745, 1943) two sensa- 
tions appeared. The first, the well known tingling 
at the electrode, is probably due to polarization 
and becomes burning pain at high current densi- 
ties. But the other, a severe deep burning or aching 
sensation at the wrist, appears to conflict with 
the classical concept that a constant current, 
though modifying excitability does not excite 
except at make or break, and thus conflicts with 
the du Bois Reymond law of excitation. 

Both heat sensations might be due to heat pro- 
duction. A simple calculation shows that this is 
unlikely. Heat near electrode = 0.2427R (I = 
current, R = resistance of contact and skin tis- 
sues). Taking I = 50 m.a. R = 500 w, Heat = 0.3 
cal/sec. With a contact area of 125 Cm? (the flat 
palm) only 0.0024 cal/Cm?/see would be available 
for overcoming the thermo-stabilising effect of 
the blood stream and exciting the heat receptors. 
Similar considerations apply to the interelectrode 
liberation of heat and suggest that this is not 
adequate to produce the sensation at the wrist. 
f Cutaneous vasodilatation, almost certainly pres- 

ent in these circumstances, might explain the hot 
sensations though vasodilatation without conges- 
tion gives rise to sensations of warmth rather than 
burning since the blood temperature is the limit- 
ing factor. Perhaps a high current density is de- 
veloped in the nerve trunks in the wrist and the 
particular sensation evoked depends upon the 
specific connections of those fibers which are most 
susceptible to this kind of stimulus. 

Simultaneous diabetogenic and nitrogen sparing 
action of anterior pituitary extract in partially de- 
pancreatized rats. K. E. Pascuxis, A. CANTAROW 
and A. E. Raxorr (by invitation). Jefferson Medi- 
al College and Hospital, Philadelphia, Pa. A 
lose relationship of the protein-anabolizing 
growth) hormone to the diabetogenic factor of the 


anterior pituitary has been claimed. It has been 
suggested that an anterior pituitary extract 
(A.P.E.) is protein-anabolizing through stimula- 
tion of insulin secretion and diabetogenic if the 
islets are incapable of responding to the stimulus. 

Fifteen partially depancreatized rats were 
treated with a growth-promoting A.P.E. (Antu- 
itrin G). In 10 rats the extract was diabetogenic, 
inducing glycosuria in rats in which the diabetes 
had been latent or increasing glycosuria present 
before treatment with the extract. The diabeto- 
genic action was transient and did not persist 
beyond the period of treatment, which varied 
from 3 to 14 days. None of the rats showed in- 
creased nitrogen excretion during the period of 
exacerbation of the diabetes, and in six nitrogen 
retention occurred during this period. 

The simultaneous occurrence of nitrogen reten- 
tion and exacerbation of diabetes militates against 
the theory that the protein-anabolizing (nitrogen 
sparing) action of A.P.E. is due to stimulation of 
insulin secretion which in turn would cause pro- 
tein anabolism. Amounts of insulin secreted by the 
pancreatic remnants in the partially depancrea- 
tized rat must be small at best since they are 
inadequate to counteract the diabetogenic effect 
of A.P.E. The decreased nitrogen excretion ob- 
served in the experiments could be attributed to 
insulin secretion only if one wished to assume 
that much smaller amounts of insulin were neces- 
sary to influence protein metabolism that are 
capable of increasing carbohydrate utilization. 

The stabilization of cytochrome C by lyophiliza- 
tion. ELizaBeTH A. Patcu (by invitation), HELEN 
S. Morrison (by invitation), JosepH L. CIMINERA 
(by invitation) and Karu H. Breyer. The Dept. 
of Pharmacology, Medical-Research Division, 
Sharp ‘and Dohme, Inc., Glenolden, Pa. Cyto- 
chrome C was prepared from beef heart essentially 
by the method of Keilin and Hartree (Proc. Roy. 
Soc. London, B122: p. 298, 1937). Aliquots of the 
final clear solution were pipetted into ampoules, 
frozen and dried under reduced pressure (lyophile 
process). The ampoules were sealed under reduced 
pressure and stored in a refrigerator. 

The lyophilized preparation was very pale tan 
to pink in color, very light and feathery, and re- 
stored completely on the addition of distilled 
water to give a clear dark red solution. Thus it 
was possible to restore the material to give a de- 
sired concentration suitable for Warburg studies. 

The lyophilized cytochrome C was assayed im- 
mediately after ampouling by restoring to a given 
volume and comparing it to cytochrome C from 
the same lot which had been kept as a stock solu- 
tion. Spectrophotometrically, the concentration 
of cytochrome C was determined at a wave length 
of 550 my according to the formula C = E, where 
E = absorption coefficient of reduced or oxidized 
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cytochrome. Over a period of four months there 
was no decrease in the concentration of either 
phase of the enzyme nor any change in their 
spectral characteristics. 

Using the concentration of cytochrome C as 
the limiting factor in the determination of the 
rate of oxidation of succinate by the complete 
succinoxidase system, it was found that equal 
concentrations of fresh stock solution and re- 
stored cytochrome C gave the same rates of oxygen 
uptake. Lyophilized cytochrome C four months 
old had the same activity, when diluted to the 
same concentrations, as when originally prepared. 

The distention pressure of urine in the bladder 
as it influences human gastric motility. T. L. 
PatrerRson and D. J. SANDWEISS (by invitation). 
Dept. of Physiology, Wayne Univ., College of 
Medicine, Detroit, Mich. Incident to a series of 
graphic observations on the effects of urine ex- 
tracts on the motility of the empty stomach of a 
young woman with a permanent gastric fistula 
(balloon method was employed for registration), it 
was additionally observed, that when the intra- 
urinary distention pressure caused by the gradual 
accumulation of urine in the bladder reached a 
pressure level sufficient to arouse the micturition 
reflex, definite alterations in the gastric motility 
usually began to occur. At first, the gastric con- 
tractions became more or less irregularly spaced 
with fluctuations in the gastric tonus. Then, as 
the condition became more pronounced through 
voluntary inhibition, the subject exhibited rest- 
lessness leading to increased intervals of rest be- 
tween the individual contractions, or groups of 
contractions, reduction in amplitude of contrac- 
tions and finally inhibition when the distress ap- 
proached the level of pain. 

In a few minutes following the evacuation of the 
bladder the normal gastric contractions were re- 
sumed and the patient was again at ease. 

These results are in confirmation with the earlier 
findings of Patterson and Dunn on fistularized 
stomach and bladder dogs (Proc. Am. J. Physiol. 
133: 410, 1941), in which rubber balloons were 
introduced into the urinary bladder and the 
stomach, respectively, for synchronously record- 
ing the gastric motility and distension pressures 
employed in the bladder. 

The renal elimination of sulfamerazine (2-sul- 
fanilamido-4-methyl pyrimidine) by the dog. 
LAWRENCE Perers (by invitation), Kari H. 
Beyer and Evizapeta A. Patcnu (by invitation). 
From the Dept. of Pharmacology, Medical-Research 
Division, Sharp and Dohme, Inc., Glenolden, Pa. 
We have studied the renal elimination of sulfa- 
merazine under conditions that may exist or be 
produced during sulfonamide therapy. Attention 
was also given to creatinine clearance ratios as 
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influenced by plasma protein binding of sulfa- 
merazine. 

Sufficient bicarbonate administered orally to 
increase urinary pH from 6.8 to 7.8 in 3 dogs in- 
creased the clearance of sulfamerazine from 7.3, 
6.4, and 7.6 to 14.9, 22.3 and 19.6, respectively. 
This was very likely due for the most part to in- 
creased electrolyte excretion rather than to pH 
change for an equivalent amount of NaCl, KCl 
or NH,Cl produced a similar but not as great 
effect. Increase in urine flow from 0.42-2.82, 0.29- 
5.75, 0.24-4.90 cc./min. increased sulfonamide 
clearance from 5.9-11.4, 5.0-17.4, 5.2-11.2, re- 
spectively. The clearance of sulfamerazine re- 
mained fairly constant when the plasma level was 
increased from 3.4 to 13.1 mgm./100 cc. during 
individual experiments indicating that maximal 
tubular resorption of the compound was not ex- 
ceeded. Following bicarbonate administration 
(urinary pH = 8), increasing the plasma sulfon- 
amide from 4 to 13 mgm./100 cc. increased sulfa- 
merazine clearance about 50 per cent. The clearance 
ratio of sulfamerazine (4 mgm./100 cc. plasma) to 
creatinine was normally 0.13; corrected for plasma 
binding the excretion ratio of sulfamerazine to 
creatinine was 0.20. 

Assuming complete glomerular filtration of un- 
bound sulfamerazine these data indicate that 
normally about 80 per cent of the filtered com- 
pound is resorbed by the renal tubules of the dog. 

The nature of the renal vascular reactions to 
amino acid infusion. R. F. Pirrs. Dept. of Physi- 
ology, Cornell Medical College, New York, N. Y. 
The nature of the hemodynamic changes produced 
in the kidney of the normal dog on administration 
of amino acid (Pitts, Am. J. Physiol. 140: 156; 
1943) has been studied by the simultaneous meas: 
urement of the creatinine clearance (glomerular 
filtration rate), p-amino hippuric acid clearance 
(minimum effective renal plasma flow), hemato- 
crit and mean arterial pressure. From the data s0 
obtained the renal blood flow and total renal re- 
sistance have been calculated. Gradual elevation 
of plasma amino nitrogen from a normal of about 
4 mgm. per cent to 20 mgm. per cent by the in- 
fusion of glycin led to an increase in filtration rat¢ 
and renal blood flow with some decline in filtration 
fraction. Mean arterial pressure either remained 
constant or increased moderately. Total rend 
resistance declined sharply in all instances. Th 
nature and extent of these changes indicate thal 
amino acid either directly or indirectly bring 
about a dilation of the renal vascular bed. Tht 
dilation affects both pre- and postglomerular ves 
sels. In experiments in which the plasma amin 
nitrogen concentration was raised to 50 to & 
mgm. per cent there occurred a decline in filtra 
tion rate and renal blood flow and an increase i! 
filtration fraction and renal resistance. The# 
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changes result from constriction of both pre- and 
postglomerular vessels. 

The renal reabsorption of inorganic phosphate in 
the normal dog. R. F. Pirrs and R.S. ALEXANDER 
(by invitation). Dept. of Physiology, Cornell 
Medical College, New York, N. Y. The renal 
reabsorption of inorganic phosphate has been 
studied in the dog over a range of plasma concen- 
tration from 2 to 50 mgm. per cent of phosphate 
phosphorous, using the simultaneously deter- 
mined creatinine clearance as a measure of glomer- 
ular filtration rate. The quantity of phosphate 
reabsorbed is essentially independent of plasma 
concentration over a range from 10 to 50 mgm. per 
cent, and in two dogs amounted on an average to 
4.5 mgm. per minute. At plasma concentrations of 
less than 3 mgm. per cent all phosphate was re- 
absorbed from the glomerular filtrate and the 
urines were essentially phosphate free. With 
plasma concentrations of 3 to 10 mgm. per cent 
the reabsorption of phosphate may increase 
slightly as a function of plasma concentration. 
At levels above 6 mgm. per cent there was con- 
siderable fluctuation in the amount of phosphate 
reabsorbed in different experiments, although all 
values fell within the limits of 3.5 and 5.0 mgm. 
per minute. It is possible that these fluctuations in 
reabsorptive capacity for phosphate may be cor- 
related with variations in acid base balance or 


with general electrolyte balance on different 
experimental days. 

Spinal reflex summation as a possible clue to the 
conditions underlying paroxysmal pain in causalgia. 
E. L. Porter. Dept. of Physiology, Medical 


Branch, Univ. of Texas, Galveston. In the 
condition known as ‘‘Causalgia”’ the constant low 
grade pain may be increased to an unbearable 
point by additional stimuli such as drying of the 
skin, slight friction, cold and the like of which the 
normal individual would scarcely be aware. There 
is a strong resemblance to summation as seen in 
spinal reflexes. In a spinal cat carefully controlled 
stimulation of a cut sensory nerve is arranged to 
give rhythmic reflex contractions of the tibialis 
anticus muscle of nearly minimal extent. Addi- 
tional stimuli imitating those effective in causalgia 
are now given to different areas of the leg. If sum- 
mation occurs following the extra stimulus the 
contraction heights rise suddenly to perhaps 10 
times the original. That the phenomenon is a 
true summation is shown by the fact that cessa- 
tion of electrical stimulus to the nerve results in 
quiescence of the muscle even though the extra 
mechanical stimulus to the leg is being continued 
as strongly as before. Extra stimuli which have 
been found effective in causing summation in this 
Way are: rubbing the fur of knee or foot with a 
wooden applicator, spreading the toes strongly, 
application of a bull-dog clamp to a toe pad, twist- 


ing a claw, a strong blast of air on fur of foot or 
knee, in some cases even blowing the breath on 
such areas. 

These observations suggest that the summation 
of stimuli in causalgia resulting in unbearable 
pain may not occur primarily in consciousness, 
but in some lower center in the nervous system. 

A pendulum time-marker for universal driving 
current. F. H. Prarr. Physiological Lab., Boston 
Univ. School of Medicine. A cylindrical Hg-Hg 
commercial switch, adjustable in angle, is mounted 
just below the pivot, obviating the frictional re- 
sistance of a solid-metallic contact mechanism. 
Two polar-opposed electromagnets, one forming 
the bob, the other embedded centrally in the base, 
provide at mid-swing an impetus of temporal and 
mechanical advantage. The circuit draws as little 
as 0.3 ampere. This disposition and economy of 
current permits the use equally well of one stand- 
ard } volt dry cell, a d.c. line with simple 2-lamp 
shunt resistance, or wnrectified a.c. from an inex- 
pensive 6-10 volt bell-ringing transformer. The 
atter, with plug-connection for a lighting circuit, 
is mounted as an integral part of the set-up and 
operates indefinitely without attention. Regula- 
tion is afforded by a sliding weight on the pendu- 
lum-rod. The pendulum actuates the usual relay, 
selective for a variety of time intervals. The device 
is thus adaptable to laboratory installations with 
widely differing facilities. 

The motor activity of the pyloric sphincter studied 
by the pyloric inductograph. J. P. QuicLEY and 
DaniEt A. Bropy (by invitation). Dept. of Physi- 
ology, Western Reserve Univ. Medical School, 
Cleveland, Ohio. In this investigation, the pyloric 
sphincter movements have been studied by two 
small electromagnetic coils. These coils were at- 
tached to the serosal surface directly above and 
below the sphincter so they move closer or farther 
apart by contractions or relaxations respectively 
of the sphincter. Lead wires conduct the current 
into one coil (the primary) and this induces a 
magnitude of current in the secondary coil, 
which varies as the distance between coils. The 
current from the secondary coil is passed through 
a radio amplifier and then recorded by an oscillo- 
graph and photokymograph. When this apparatus 
is applied to the sphincter it is termed a “‘pyloric 
inductograph,’”’ but in a modified form it is capable 
of extensive application in studying the movement 
of many tissues. It provides a continucus record 
from the unanesthetized, untraumatized animal 
under essentially physiological conditions. 

Extensive studies with this technic have demon- 
strated that the pyloric sphincter of the fasting 
dog usually exhibits rhythmic contractions at the 
rate of 4-6 per minute. For brief intervals, these 
movements may be absent and at such times the 
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sphincter is relaxed. In general, the sphincter is 
open more than half the time. 

Similar activity obtains in the fed animal but 
the frequency and magnitude of the contractions 
are slightly greater and quiescent periods are 
rare. Studies with the pyloric inductograph made 
simultaneously with fluoroscopic observations of 
the evacuation of a barium meal show that each 
cycle of gastric evacuation begins shortly after 
the sphincter is fully relaxed and continues until 
the peak of the sphincter contraction. [This 
investigation was partially supported by a research 
grant from the Council on Pharmacy and Chemistry 
of the American Medical Association.] 

The clearance of injected estrogens from the 
blood of normal humans and dogs and those with 
liver damage. A. E. Raxkorr (by invitation), A. 
Canrarow, K. E. Pascukis and L. P. HANsEN 
(by invitation). Jefferson Medical College and 
Hospital, Philadelphia, Pa. Free serum estrogen 
was determined (Fluhman method) in dogs and 
humans (normal and liver-damage) after adminis- 
tration of estrogens. 

Dog Experiments: Kleven dogs, 5 with bile- 
fistulas, received estrogens intravenously in al- 
cohol, estradiol in 7 experiments, estrone in 3 and 
diethylstilbestrol in 1, usually 250,000 i.u. In 4 
normal dogs the highest values were obtained 
at 5 or 10 minutes and ranged from 320-2500 i.u. 
per 100 cc., fell progressively at 1 and 5 hours, and 
none was demonstrable at 24 hours. In 3 dogs 
with acute CCl4 poisoning the curves were ab- 
normal in 2; in one the estrogen gradually in- 
creased to 2 maximum at 48 hours, while in the 
other, although the curve fell during the first 24 
hours, an increase occurred at 48 hours. In 2 dogs 
with chronic CCl14 poisoning, clearance was pro- 
longed, but there was no secondary rise. A similar 
delay was noted in a jaundiced dog with biliary 
obstruction but not in another with hepatitis. 

Human Experiments: Serum estrogen was de- 
termined at 1, 5 and 24 hours in 10 patients after 
intramuscular injection of 240,000 i.u. of estradiol 
benzoate in oil. In two normal females and one 
male there were 116-180 i.u. per 100 ec. at 1 hour, 
at 5 hours the values were lower and at 24 hours 
only traces were demonstrable. Similar curves 
were obtained in a castrated woman and a woman 
with chronic nephritis. Delayed clearance was 
noted in 2 patients with hepatitis and 3 patients 
with cirrhosis of the liver. 

The effects of mecholyl iontophoresis and of 
reflex thermal dilatation on the cutaneous blood 
flow. WALTER C. RANDALL and AuricK B. HERTz- 
MAN. Dept. of Physiology, St. Louis Univ. School 
of Medicine, St. Louis, Mo. The effects of mecholyl 
iontophoresis and of body heating on the cutane- 
ous blood flow of the forearm and leg were meas- 
ured by photoelectric plethysmographs. Resting 
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blood flows averaged 0.032 cc/em?/min in the 
forearm skin and 0.022 cc in the leg. Heat to the 
trunk resulted in profuse sweating and increased 
the flow 2.5 times in forearm skin and 3,5 times in 
leg skin. Cooling of the skin by evaporation prob- 
ably prevented a maximal dilatation. Mecholyl 
iontophoresis increased the flow 5 times in forearm 
skin and 6.5 times in leg skin. The greater dilata- 
tion with mecholyl probably represents the 
maximal blood flow which can be provided in the 
skin at normal levels of blood pressure and there- 
fore the maximum expansion of the cutaneous 
vascular bed. If a corresponding dilatation oc- 
curred over the entire skin surface of the body, 
it would deviate 1.5 liters/M?/min or 70% of the 
basal cardiac output to the skin. This is of the 
same order of magnitude as calculated from heat 
elimination in extreme exercise. The smaller 
values observed in the heat experiment raise the 
question: is so-called reflex thermal dilatation en- 
tirely due to decreased vasomotor tone or im- 
portantly due as well to the direct effects of tem- 
perature on the vessels? [Aided by American 
Medical Association.| 

Effect of digitalis and strophanthin on the de- 
nervated lymph heart of the bullfrog (Rana cates- 
beiana). Marion A. Reip. Dept. of Physiology, 
Boston Univ. School of Medicine, Boston, Mass. 
Denervated or transplanted lymphatic hearts 
develop cardiac-like properties which are in sharp 
contrast to those of the normal organ under neuro- 
genic control (J. Exp. Zool., 76: 47, 1937). Injec- 
tions were made into the femoral vein. Simultane- 
ous records of both anterior lymph hearts, 8 to 16 
days after denervation of one of them, were ob- 
tained in bullfrogs anesthetized with urethane. 

Doses of strophanthin (Kombé, Merck) or digi- 
talis (usually 1-10 dilutions of the tincture) not 
exceeding the M.L.D. did not alter the rate of the 
control (innervated) lymph heart. 

Injections of strophanthin, 12 to 39 per cent of 
the M.L.D. caused a three or four-fold accelera- 
tion of the denervated lymph heart. The typical 
periodic rhythm always became continuous in 
about an hour after the injections. The full M.L.D. 
increased the rate to 4.5 times that of the initial 
control within five minutes. 

Similarly, injections of digitalis solutions (in 
amounts less than one-tenth frog unit) produced 
characteristically a continuous rapid rate in the 
denervated lymph heart, 1.7 to 2.8 times that of 
the control anterior organ. In one case the beating 
did not become continuous, but the duration of 
each spontaneous periodic series of beats increased 
from 7 to 27 minutes. Since the rate of such 
periodic lymph hearts was often rapid, the change 
to continous activity was the more striking effect 
of digitalis. 

The denervated (myogenic) lymph heart is 
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stimulated by strophanthin or digitalis in a man- 
ner similar to their action upon isolated cardiac 
tissue. [Aided by a grant from the Committee on 
Therapeutic Research, Council on Pharmacy and 
Chemistry, American Medical Association.]| 

Maintenance requirement of desoxycorticos- 
terone acetate of the adrenalectomized mouse 
and rabbit. H. Remnuarr (by invitation), A. 
Cantarow, A. E. Rakorr (by invitation) and 
K. KE. Pascuxis. Jefferson Medical College and 
Hospital, Philadelphia. While desoxycorticos- 
terone and its esters are not capable of substitut- 
ing entirely for adrenal cortical function, this 
compound is the most potent in producing sodium, 
chloride and water retention and is capable of 
maintaining life of the adrenalectomized animal 
as well as of patients with Addison’s disease. 

The amount of desoxycorticosterone acetate 
(D.C.A.) required for adequate maintenance ap- 
pears to differ in different species. 

Experiments were performed on 150 male white 
mice weighing about 20 Gm. in order to determine 
the maintenance dose of D.C.A. in this species. 
Adequacy of maintenance of the adrenalectomized 
mice was evaluated by (a) survival, (b) weight in- 
crease, and (c) resistance to potassium poisoning. 
D.C.A. was administered subcutaneously if oil 
solution at various dose levels, the volume of the 
vehicle being kept constant at 0.05 cc. per injec- 
tion. Adrenalectomized controls received the same 
amount of oil without hormone. It was found that 
0.5 mg. per day per mouse (weight 20 Gm.) or 2.5 
mg. per Kgm. mouse per day was necessary for 
adequate maintenance. There was no significant 
difference in groups receiving tap water and those 

0.85% NaCl solution as drinking 


Preliminary experiments on rabbits showed 
that this species also has a high requirement. 
Daily injection of 2.6 mg. D.C.A. reduced the 
excessive chloride excretion of adrenalectomized 
rabbits weighing about 2 Kgm., but this dosage 
could not prevent weight loss. In spite of con- 
tinued treatment, animals developed hemoconcen- 
tration and hypoglycemia and died in convulsions. 

Analgesic and anticonvulsive properties of 3,5,5- 
rimethyloxalidine-2,4-dione (tridione). R. K. 

ICHARDS and G. M. Everert (by invitation). 
Dept. of Pharmacology, Abbott Lab., North 
Chicago. This compound was prepared by Dr. 

. A. Spielman and is a white crystalline powder, 
boluble in water to 5 per cent. Addition of urethane 
br 10 per cent alcohol greatly enhances its solu- 
bility. Toxicity is quite low. The approximate 

-D. 50 for rats subcutaneously is 2 gm./kg., for 
hice orally 2.2 gm./kg. and for rabbits intra- 
enously 1.5 gm./kg. A hypnotic effect is present 
nly with the higher dose levels. Acutely fatal 
oses cause respiratory and circulatory failure. 


With just lethal doses, the animals die in a state 
of coma several hours after administration. 

The presence of a marked analgesic action was 
shown using different methods in mice, rats, and 
dogs. Also a marked antagonistic effect against 
the convulsive action of metrazol and picrotoxin 
could be demonstrated, but not against strychnine 
convulsions. Both the anti-convulsive and the 
analgesic effects in rats and mice were present 
with the non-hypnotic dose of 500-600 mg./per hg. 
of Tridione given parenterally. 

If injected intravenously a dose of 25 mg./hg. 
produced a transitory fall of blood pressure in 
dogs and cats but the respiration remained practi- 
cally unaffected. Preliminary clinical investiga- 
tions have shown that Tridiorie is an effective 
analgesic both by oral and parenteral administra- 
tion. Present evidence indicates that it surpasses 
the common coal tar analgesics in potency, par- 
ticularly in visceral and postoperative pain. 

Effects of intravenous injections of an aminoacid 
mixture on duodenal motility of anesthetized dogs. 
H. W. Rosinson (by invitation) and M. J. Oppen- 
HEIMER. Depts. of Pediatrics and Physiology, 
Temple Univ. School of Medicine, Philadelphia, 
Pa. Effects of intravenous casein digest upon 
duodenal motility were studied in dogs (Pentothal 
Na 15 mgm./kgm. Barbital Na 200 mgm./kgm.) by 
balloon methods. Arterial blood samples were 
taken under oil for CO, content and pH of serum, 
simultaneously a second sample was oxalated for 
determination of plasma aminoacid nitrogen; both 
two minutes before start of injection of casein 
digest. Another group of samples was drawn two 
minutes after injection ended. CO, content was 
measured with the Van Slyke-Neill manometric 
gas apparatus. pH was determined at 38° by the 
glass electrode in a cell which provided minimal 
exposure to the sample to atmosphere. Aminoacid 
nitrogen was measured by the gasometric-nin- 
hydrin procedure. 

Infusions of 6.5 cc. Mead Johnson Amigen/kgm. 
produced hypermotility of short duration. This 
occurred during or within a few minutes after end 
of injection. Under these conditions aminoacid 
nitrogen values rose from averages of 3.8 to 25.0 
mgm/100 ce. plasma. Amigen (pH 5) never lowered 
serum pH more than 0.07 nor COz more than 10 
volumes per cent. 

Similar results were obtained in other experi- 
ments when a slow intravenous drip of 5 per cent 
NaHCO; was used to prevent the acid shift caused 
by Amigen. This increased tonus and amplitude 
was also present when the aminoacid mixture was 
given to animals rendered acidotic (pH 7.02) or to 
others alkalinized (pH 7.50). In a few cases hy- 
permotility due to Amigen was followed by a 
longer period of inhibition. [Aided by a grant from 
Mead Johnson and Company.]} 
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Acetylcholine and the response of the crayfish 
nerve cord to low external potassium. K. D. 
Roeper. Dept. of Biology, Tufts College, Mass. 
Previous studied by Prosser (J. Cell. and Comp. 
Physiol. 15: 55, 1940, 22: 131, 1943) and Roeder 
(ibid. 18: 1, 1941) show that a reduction of the 
external potassium may either increase or de- 
crease the intrinsic nervous activity of the isolated 
ventral nerve cord of the crayfish. Typically, re- 
duced K is excitatory while the cord is in sttu and 
for the first hour or two in saline. After 2-3 hours 
isolation reduced K reversably depresses the in- 
trinsic activity, and continues to have this effect 
until the cord becomes inactive (about 30 hours). 
In a small percentage of cords low K is excitatory 
throughout the life of the preparation, though 
these cords appear to be normal in other respects. 

The reversal of the response to low K implies 
some progressive internal change as the prepara- 
tion ages. This change does not always occur and 
is unrelated to activity level or time of survival. 

If the stage has been reached when low K is 
depressant and the cord is bathed in saline con- 
taining acetylcholine 10~, a subsequent reduction 
in K increases activity as in a fresh preparation. 
This effect may be obtained repeatedly until the 
acetylcholine is replaced by saline, when low K 
becomes once more depressant after about 30 
minutes. Smith (J. Cell. and Comp. Physiol. 13: 
335, 1939) has shown that crayfish blood contains 
acetyleoholine 10" which accounts for the po- 
tassium response of fresh cords. The reversal of 
the low K response in the majority of cords in 
saline must result from the progressive loss of 
intrinsic acetylcholine through diffusion or 
cholinesterase action. 

Palmer skin resistance (P.S.R.) during a stand- 
ard period of controlled muscular activity as a 
measure of physical fitness. A. H. Ryan and E. L. 
RANSEEN (by invitation). Lab. of senior author 
and Research Lab. Quaker Oats Co., Chicago, Ill. 
Subjects mounted a bicycle ergometer and placed 
their entire palms in shallow pans containing a 
one per cent solution of sodium chloride main- 
tained at body temperature. P.S.R. measured by 
a simple bridge at 45 or 55 seconds during a one 
minute period of work at constant speed and load 
appears to be related to physical fitness. P.S.R. 
during work has been described (Am. J. Physiol. 
133: P434, 1941). 

Heavy muscular work followed by inadequate 
time for recovery resulted in marked increases of 
P.S.R. in the standard work period. 

In daily experiments on 15 subjects during a 
period of 4 weeks a very significant positive cor- 
relation was found between variability of sleep 
and variability of P.S.R. Large sleep losses in- 
curred by some of these subjects and experi- 
mentally induced in other subjects resulted in 


marked increases in P.S.R. from which recovery 
with normal sleep was not immediate. 

For the 15 subjects day to day changes of P.S.R. 
gave a negative correlation with day to day 
changes of total work performed on the ergometer 
in five consecutive one minute work periods with 
half minute rest pauses. The load was such that 
the speed could not be maintained in the later 
work periods. A Pearson r of —.33 was obtained 
with a Fisher t of 5.6. 

The theoretical basis for these results appears 
founded on the relation of sweat gland activity 
measured as P.S.R. to sympathetic activity, and 
the relation of sympathetic activity to physiologi- 
cal stresses. 

Do stomachs of patients with duodenal ulcer 
manifest a hypercontinuous nocturnal gastric secre- 
tion? D. J. Sanpweiss (by invitation), H. M. 
Popo.sky (by invitation), A. D. Rusx (by invi- 
tation) and T. L. Parrerson. Dept. of Internal 
Medicine, Harper Hospital and Dept. of Physi- 
ology, Wayne Univ., College of Medicine, Detroit, 
Mich. Previous studies have shown that after a 
6 P.M. meal the gastric juice aspirated hourly 
from duodenal ulcer patients (8 P.M. to 8 A.M.) 
was approximately of the same concentration of 
free hydrochloric acid as was the juice collected 
from normal subjects (Sandweiss et al. ‘‘Nocturnal 
Gastric Secretion Studies on Normal Subjects 
and Patients with Duodenal Uleer,’’ North End 
Clinic Quart., 4: 4, 1943). However, the total 
amounts aspirated during the night (totalling the 
amounts aspirated once hourly) was approxi- 
mately twice as much for the ulcer patients. This 
raised the question whether it was due to a state 
of hypersecretion or delayed emptying. 

Over 50 additional nocturnal gastric secretion 
studies were performed on 15 normal male subjects 
and 15 male duodenal ulcer patients, with the ex- 
ception, that after the stomach was completely 
emptied at midnight, the Levine tube was at- 
tached to a continuous suction apparatus. The 
stomach was thus continuously aspirated through- 
out a seven hour period from 12 midnight to 7 A.M. 
(instead of one aspiration hourly as was done it 
the previous study). It was felt that continuous 
aspiration would to a great extent exclude the 
factor of ‘‘delayed emptying.”’ 


Appreciable variations occurred, but on them 


average, approximately 400 cc. of juice was aspi- 
rated from the stomachs of duodenal ulcer patients 
and approximately the same amount was obtained 
from the stomachs of the normal subjects, indi- 
cating that our ulcer patients did not manifest 4 
state of hypersecretion (there was one exception) 
but rather, a state of delayed emptying. 
Influence of morphine, alcohol and sulfanilamid¢ 
on respiratory discharges. W. A. SELLE. Dept. 4 
Physiology, Medical School, Univ. of Texas, Galves' 
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ton. Using unperfused isolated heads of 12-15 
day-old rats as test preparations and a technique 
previously described, it is found that a number 
of drugs alter the activity of the respiratory cen- 
ter under anaerobic conditions. As indicated by 
the gasping pattern, activity of the center of con- 
trol animals is uniform and continues for slightly 
more than 4 minutes after isolation of the head. 
This pattern consists of: (1) an initial series of 
8-10 aerobic gasps within a period of 15-20 seconds, 
(2) an interseries interval of 30.45 seconds, (3) an 
anaerobic series of 18-24 rhythmic gasps lasting 
about 240 seconds. 

Unless given in obviously toxic doses, the drugs 
tested have little effect on the aerobic series. 
Morphine sulphate (.2-.8 mg.) injected subcu- 
taneously 3-1 hour prior to isolation of the head 
increases the survival period by 150% and the 
total number of gasps of the second series by 200%; 
the interseries interval tends to decrease. Ethyl 
alcohol gives similar results; however, the dura- 
tion of survival is less prolonged than in cases of 
morphine and the total number of gasps is greater. 
Sulfanilamide (2-6 mgm.) also produces similar 
but less marked changes. One feature common to 
these drugs when given in large doses is the forma- 
tion of accessory gasps between normally oc- 
curring ones. Although rhythmic, they are similar 
and more frequent than the normal or dominant 
ones and out of phase with them. They frequently 
show a progressive increase in amplitude for 
short periods, the pattern usually being repeated. 
Such accessory gasps appear to be due to ectopic 
“pace makers” or to recirculation of excitatory 
Waves over one or more pathways by a process 
analogous to that involved in the circus move- 
ments of the heart. 

Dilating substances in mold extracts used in skin 
testing. W. A. SELLE and HomMER PRINCE (by 
invitation). Dept. of Physiology, Univ. of Texas, 
Medical School, Galveston. Extracts of certain 
molds used extensively in skin testing of al- 
lergic individuals produce marked reactions in 
normal subjects injected intracutaneously with 
relatively high dilutions. Since histamine can be 
isolated from certain fungi (e.g., Claviceps pur- 
purea), it was suggested that this capillary dilator 
might be responsible for the non-specific reactions 
of the mold preparations. 

Two clinically important fungi, Alternaria and 
Aspergillus, both widely distributed and fre- 
quently occurring, were selected for study. Al- 
though allergenically important, both molds rank 
high among those frequently producing non- 
specific reactions. The fungi were grown on a 
Standard malt-extract broth. When the pellicles 
reached maturity they were harvested, washed 
with several changes of 0.9 per cent saline, frozen 
and dried. Extracts of the dried material were 


prepared by five different extraction methods. 
Kach extract was assayed for histamine by physi- 
ological methods employing the technique of 
Schultz and Dale. Using target tissues (ileum and 
uterus of young guinea pigs) known to be sensitive 
to histamine in dilutions of 1:300,000,000, positive 
responses could not be obtained with any of the 
extracts. Since the histamine sensitivity of the 
test preparations was roughly 1,000 times that of 
normal human skin, it is assumed that this amine 
is not the irritating agent in the mold extracts. 
Other possible irritants are being studied. 

Prevention of experimental nephrosclerosis with 
methyl-testosterone. Hans SeLtye and E. M. 
Row.ey (by invitation). Department of Anat- 
omy, McGill Univ., Montreal, Canada. Experiments 
on female albino rats having an average weight 
of 60 g. have shown that the nephrosclerosis and pro- 
teinuria elicited by five weeks subcutaneous treat- 
ment with 4 mg. of desoxycorticosterone acetate 
(D.C.A.) per day, can be almost completely coun- 
teracted by the simultaneous daily subcutaneous 
administration of 10 mg. of methyl-testosterone. 

This experiment was repeated under identical 
conditions in rats sensitized to the nephrosclerotic 
action of D.C.A. by unilateral nephrectomy. In 
this series the nephrosclerosis inhibiting action of 
methyl-testosterone was equally obvious. 

These experiments confirm our view that the 
nephrosclerotic and renotropic actions of steroids 
are independent of each other and indeed actually 
antagonistic. The strong testoid or ‘‘androgenic’”’ 
effect of methyl-testosterone counterindicates its 
clinical use especially in female patients suffering 
from nephrosclerosis, but preliminary experiments 
suggest that other steroids have a more favorable 
testoid:renotropic ratio. 

In view of the frequent association of changes in 
blood cholesterol and renal disease in men, we 
wish to mention that in our experiments D.C.A. 
caused a statistically significant hypercholes- 
terolemia in the nephrectomized group and that 
this effect was actually reversed by simultaneous 
methyl-testosterone treatment. 

The effect of external constriction of a vessel 
upon blood flow. R. E. Surpiey (by invitation) and 
D. E. Greaa. Dept. of Medicine, Western Reserve 
Univ., Cleveland, Ohio. The effect of an external 
constriction of a blood vessel in limiting blood 
flow has been considered with respect to the rela- 
tionships of 1) vessel bore to volume flow and 2) 
change in external to change in internal dimen- 
sions of the vessel. Experiments with an artificial 
system and in animals have led to the conclusions 
that: 

The effect of a localized reduction in lumen area 
is primarily that of increasing the fluid friction 
(viscosity effect) at the site of the construction, 
which results in an added ‘‘peripheral resistance’”’ 
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to the flow of blood and the rate of flow is thereby 
reduced. 

The extent of flow reduction will vary in direct 
relation to the axial length of the constricted area, 
the velocity of flow and the viscosity of the blood, 
and in inverse relation to the peripheral resistance 
of the bed and the lumen area of the vessel con- 
striction. Since, with an intact blood vessel, it is 
impossible to determine all of the above factors, 
an estimation of the flow reduction caused by a 
given constriction will be only as accurate asthe 
estimated values placed upon the determining 
factors. Without the observer’s knowledge, marked 
changes in the determining factors may occur, 
thereby making it impossible to predict within 
rather wide limits either the immediate or sub- 
sequent effects of a known constriction. 

The experimental findings reveal no justification 
for the contention that a rather marked degree of 
external constriction is required to produce a sig- 
nificant reduction in flow through a vessel. [Sup- 
ported by a grant from the Commonwealth Fund.| 

Influence of progressive dehydration on the poly- 
uric response of white rats exposed to low baro- 
metric pressure. HERBERT SILVETTE. Dept. of 
Pharmacology, Univ. of Virginia, Charlottesville. 
Normal white rats allowed water ad libitum ex- 
creted about 300 per cent more urine when exposed 
for 3 hours to a barometric pressure of 282 mm. Hg 
(25,000 ft. altitude equivalent) than control rats 
at 760 mm. Hg (Amer. J. Physiol., 140: 374, 1943). 
In order to determine whether this polyuria 
would still develop in the presence of progres- 
sively severe dehydration, a series of animals was 
deprived of water, or of both food and water, for 
periods of 24, 48, and 72 hours, allowing sufficient 
time between experiments for the animals to re- 
gain their original weight. At the end of each 
period of water deprivation, the animals were 
exposed to a pressure of 282 mm. Hg for 3 hours, 
and their urine collected. The following table 
gives the results obtained (averages of 24 animals): 





, 3-hr. urine output cc./100 gm. after withholding 
Barometric water for 
pressure 


(mm. Hg) 





0 hrs. 24 hrs. 48 hrs. 


$4 


760 


72 hrs. 





0.2 0.2 0.1 





0. 
282 1.6 | 0.4 0.2 0.1 





No difference was observed in the response of 
dipsotic, or of both fasted and dipsotic, animals 
to exposure to low pressures. 

The experiments indicate that the high-altitude 
polyuria occurs only in the presence of an ade- 
quate supply of body water. When the body-water 
content was decreased, by means of water depri- 
vation for periods longer than 24 hours, the neces- 
sity of the kidneys to conserve body water over- 


balanced the diuretic action of high-altitude ex- 
posure. [This investigation has been made with the 
assistance of a grant from the Ella Sachs Plotz 
Foundation.]| 

The effect of hemorrhage and transfusion on the 
ability of the rabbit to withstand reduced atmos- 
pheric pressure. Ek pwin L. Smiru (introduced by 
I. Fischer). Dept. of Physiology, Medical College 
of Virginia, Richmond. Three groups of rabbits 
were subjected to progressively decreasing atmos- 
pheric pressure. The rate of decreasetwas such as 
to stimulate as ascent of 1000 feet per minute, 
and was continued until death as evidenced by 
cessation of respiration. Group 1 consisted of 6 
normal rabbits. Group 2 consisted of 6 rabbits 
that had been bled, by puncture of the femoral 
artery, to an amount approximating 1% of body 
weight. Group 3 consisted of 6 rabbits that had 
been injected intravenously with heparinized 
whole rabbit blood in an amount approximating 
1% of the body weight. Groups 2 and 3 were al- 
lowed 3 to 4 hours following the experimental pro- 
cedure before decompression was started. All 
experiments were carried out at a rather high 
(26°-30° C.) room temperature. 

No significant difference was present between 
any of the groups. The average height attained by 
group 1 (control) was 28,666 ft. with extremes of 
30,000 ft. and 27,000 ft.; of group 2 (bled) was 
29,166 ft. with extremes of 31,000 ft. and 26,000 ft.; 
of group 3 (transfused) was 28,666 ft. with ex- 
tremes of 31,000 ft. and 27,000 ft. 

The results of ablation of the cingular region of 
the cerebral cortex. Witsur K. Smitu. Dept. of 
Anatomy, The Univ. of Rochester School of Medi- 
cine and Dentistry, Rochester, N. Y. In monkeys 
(Macaca mulatta) bilateral ablation of the rostral 
part of the cingular gyrus (mostly area 24 of 
Brodmann) results in temporary but definite al- 
terations of functions. Subsequent or simultane- 
ous removal of the caudal part of the cingular 
region does not seem to alter the results. For 
several days after the operation the animals ap- 
pear stuporous, and there is a marked decrease in 
activity, the animal sitting for long periods of 
time with the head bent low. Often the head sinks 
down slowly and is then suddenly raised only to 
sink down again. Vocalization is increased in fre- 
quency, occurring apparently spontaneously, as 
well as on the slightest provocation. Contraction 
of the arrectores pilorum muscles causes a ‘‘goose 
flesh”? appearance of the skin and also piloerection 
which is most pronounced over the upper part of 
the trunk and the upper extremities. Blowing on 
the erect hair causes a vigorous startle reaction 
as if there is an increased cutaneous sensibility to 
this type of stimulus. The animals appear less 
frightened when approached and, instead of 
running away and crouching in the far corner of 
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the cage, will now take food from one’s hand. How- 
ever, they will not permit themselves to be 
handled. The decreased activity and the excessive 
vocalization disappear in about a week, but the 
piloerection and the ‘‘tameness’’ persist for many 
weeks. The results of these experiments are not 
in agreement with the findings of Horsley and 
Schafer (1888) who reported that ablation of the 
cingular gyrus resulted in a contralateral hemi- 
anesthesia. [Aided by a grant from the John and 
Mary R. Markle Foundation.} 

The results of stimulation of the uncus and ad- 
jacent portions of the hippocampal gyrus. WILBUR 
K. Smitu. Dept. of Anatomy, The Univ. of Roches- 
ter School of Medicine and Dentistry, Rochester, 
N. Y. The functional significance of the hippo- 
campal gyrus and its hook-like termination the 
uncus is unknown. The fact that it has developed 
phylogenetically and embryologically in close 
association with the hippocampus and the basal 
olfactory cortex of the brain has caused some in- 
vestigators to assign it to the rhinencephalon, 
thus imputing to it an olfactory function. How- 
ever, the presence of a well developed hippocampal 
gyrus in the brain of the dolphin (Broca, 1878) and 
in that of the porpoise (Langworthy, 1932), both 
of which lack olfactory nerves, bulb and tract, is 
strong evidence in favor of the view that the 
hippocampal gyrus is concerned with functions 
other than, or in addition to, olfaction. 

In experiments on monkeys (Macaca mulatta), 
it has been found that electrical stimulation of the 
uncus and the adjacent part of the hippocampal 
gyrus produces vocalized responses similar to 
those which the animal ordinarily emits. A char- 
acteristic feature of the response is its prolonga- 
tion beyond the period of stimulation. In addition 
to vocalization, excitation of this region produces 
a marked decrease in the heart rate, accompanied 
by increased pulse pressure. In this instance also 
the effect outlasts the stimulation. The adminis- 
tration of eserine in adequate amount results in 
marked accentuation and prolongation of the 
cardiac inhibition resulting from the cortical ex- 
citation. That the cardiac inhibition is produced 
by impulses passing over the vagi is indicated by 
the similarity of the response to that obtained by 
excitation of the vagus nerve, and seems proven 
by the abolition of the response after section of 
the vagi. [Aided by a grant from the John and 
Mary R. Markle Foundation.] 

A method of producing an artificial jaundice. 
F. E. Snapp (by invitation), Tsan-wEeN Li (by 
invitation), J. E. HaBEGGeR (by invitation) and 
A. C. Ivy. Dept. of Physiology, Northwestern 
Univ. Medical School, Chicago, ll. When a water 
solution of the sodium salt of bilirubin was in- 
jected intravenously in an attempt to produce 
jaundice in dogs the bilirubinemia gave only the 


indirect van den Bergh reaction. The sodium salt 
of bilirubin added to blood plasma in vitro also 
gave an indirect reaction. When a certain excess 
of alkali was added to bilirubin in plasma a direct 
reaction resulted. When this plasma-bilirubin 
mixture was injected intravenously into dogs a 
direct-reacting bilirubinemia resulted. By a series 
of five injections of 50 mgm. of bilirubin each 
over a 4-6 hour period in ten experiments on 6 
dogs we produced a jaundice in the dogs. Varying 
peak blood levels of bilirubin were obtained from 
14-18 mgm. per cent. The level dropped rapidly 
during the first few hours and afterward fell grvadu- 
ally to about 0.5 mgm. per cent after a week. 

Three dogs were given a series of injections of 
bilirubin-plasma mixture evety 3 or 4 days for 
three weeks. A considerable blood level of bilirubin 
was maintained and a marked icterus of the sclera 
lasted during the injection period and for several 
weeks afterward. 

The dogs receiving a single series of injections 
and those receiving repeated injections over longer 
periods did not manifest any permanent damage 
of the liver as measured by Rose Bengel Clearance 
and blood serum phosphatase levels. [This study 
was assisted by a grant from G. D. Searle & Co.] 

Experimental asphyxia neonatorum. FRANKLIN 
F. Snyper. Depts. of Anatomy and Obstetrics, 
Harvard Univ. In observations on the mechanism 
of the tolerance to anoxia of the fetus at birth, 
the time of survival of newly born rabbits was 
determined following asphyxia by various meth- 
ods including ligation of the trachea. Tracheal 
ligation is a simple method for studying asphyxia 
under conditions simulating closely the accidental 
impairment of the umbilical cord circulation in 
the course of birth. Instead of elimination of CO, 
in the period of hyperpnea associated with the 
onset of the breathing of nitrogen, no exchange is 
possible, just as is the case when the fetus is in 
the birth canal. Whether or not the accumulation 
of CO: in the body under such circumstances is 
an added source of injury to the fetus has been de- 
bated frequently. Especially in connection with 
the rationale of resuscitation of apneic infants the 
question has been unsettled as to whether or not 
pure oxygen should be used rather than a mixture 
of 5% CO, and oxygen. In the present observa- 
tions kymograph tracings of the respiratery move- 
ments were obtained in 85 newborn rabbits from 
45 litters which were selected at various stages 
from the time of onset of viability until the end of 
lactation. Results showed that there was no de- 
crease in the time of survival following tracheal 
ligation as compared with survival time in nitro- 
gen. In fact, following tracheal obstruction, 
respiratory movements continued for a longer 
period usually than in animals asphyxiated in 
nitrogen. 
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The effect of ions on the frog vascular system. 
C. R. Speatman. Dept. of Physiology, Medical 
College of Virgiriia, Richmond. in previous ex- 
periments concerning the effects of ions on the 
perfused heart, it was found that when the con- 
centration of any of the cations of Ringer’s solu- 
tion was outside its own characteristic concentra- 
tion range, certain non-specific depressant effects 
occurred. On the basis of these findings the concept 
of ‘‘normal concentration limits’? was formulated 
and these limits were roughly defined.. 

The present experiments represent an attempt 
to extend this concept to the perfused blood ves- 
sels of the frog. Three different perfusion prepara- 
tions were used: the whole frog, the hind legs, and 
the systemic arches. The perfusion fluid came from 
a Marriotte flask whose air inlet tube was so ar- 
ranged as to give pulsatile pressure. The procedure 
was to perfuse with control Ringer’s solution for 
one-half hour, then with the experimental Ringer’s 
solution until a definite change occurred or until 
it was certain that no effect was to be expected, 
and finally with normal Ringer’s solution again. 

Preliminary results indicate that the perfusion 
rate is decreased (vasoconstriction) when the 
concentration of any of the cations (Na*, K*, 
Ca**, H*) is too high or too low. The concentra- 
tion limits of the various cations for this effect 


appear to be similar to the ‘‘normal concentration 
limits’’ established for the perfused frog heart with 
some exceptions, e.g., the lower concentration 
limits for Ca** and K* seem to be lower for the 
blood vessels than they are for the frog heart. 
Depressor effect of cold upon the static receptors 
of the labyrinth. E. A. Sprecex.. Dept. of Exp. 


Neurology, Temple Univ. School of Medicine, 
Phila., Pa. A u-shaped cannula introduced into 
the external and middle ear of decerebrate cats 
was perfused with water of from 3°-20°C. Water 
of 9° or below produced within a few minutes a 
decrease in the muscle tone of the homolateral 
foreleg, causing a drooping of this leg, in some in- 
stances also tne opposite foreleg showed a similar 
effect. This effect may outlast the calorization, but 
is reversible. Similar, although less pronounced, 
effects were observed in rabbits with intact brain, 
in supine position. The effect of unilateral cooling 
upon the posture of the head was demonstrated in 
unanesthetized rabbits and in cats under bulbo- 
capnine catalepsy by keeping the perfused can- 
nula for several minutes in the external and middle 
ear and then quickly withdrawing it so that its 
weight did not influence the posture. The cold 
temporarily produced effects similar to those of 
unilateral labyrinthparalysis: a rotation of the 
head about the oro-occipital axis, the affected ear 
lying lower. The excitability of the cristae re- 
vealed no significant difference of the postrota- 
tory nystagmus in cats rotated before, and during, 


prolonged application of cold to both ears. Thus a 
depressor effect of cold could be observed only 
on static receptors influencing the posture of 
head and extremities (apparently chiefly the 
maculae), while such an effect upon the re- 
ceptors reacting to angular acceleration was not 
noticeable. [The work described in this paper was 
done under a contract, recommended by the Committee 
on Medical Research, between the Office of Scientific 
Research and Development and Temple Univ.] 

The receptor mechanism of vestibulo-vasomotor 
reactions induced by rotation. E. A. SpreGEL, 
M. J. OppENHEIMER and H. T. Wycis (by invita- 
tion). Depts. of Exp. Neurology and of Physiology, 
Temple Univ. School of Medicine, Philadelphia, 
Pa. Two groups of experiments were performed. 
In the first series the round windows were bilater- 
ally punctured in cats. Following this operation, 
rotation failed to produce rhythmic ocular move- 
ments, while a reflex depression of the blood pres- 
sure could still be elicited by rotation of the body 
around a longitudinal or around a dorsoventral 
axis. Subsequent injection of a 2% alcoholic cocain 
solution inte both labyrinths transitorily abol- 
ished the vasomotor reaction, indicating in agree- 
ment with previous extirpation experiments of one 
of the authors, that the receptor apparatus lies 
in the labyrinth. In a second group of experiments 
guinea pigs were subjected to centrifugation 
(method of Wittmaak; Magnus- de Kleyn). Fol- 
lowing this procedure the animals were tested 
during the stage in which the tonic labyrinthine 
reactions were paralyzed. In this stage rotation 
was still able to produce a fall in blood pressure. 
Thus, paralysis of the receptors for labyrinthine 
kinetic reactions such as the rhythmic eye jerks, 
or of the receptors for tonic labyrinthine reflexes 
does not prevent the vasomotor reaction to rota- 
tion while cocain paralysis of the labyrinth abol- 
ishes this reaction. These experiments seem to 
indicate that this vasomotor reaction originates 
in receptors for kinetic as well as in receptors for 
tonic reactions. [7'he work described in this paper 
was done under a contract, recommended by the 
Committee on Medical Research, between the Office 
of Scientific Research and Development and Temple 
Univ.] 

Effects of electrically induced convulsions upon 
the brain revealed in the cerebrospinal fluid. M. 
SprEGEL-ApDOLF (by invitation), E. W. ASHKEN AZ 
(by invitation), A. J. Lex (by invitation) and E. A. 
SPIEGEL, Depts. of Exp. Neurology and of Colloid 
Chemistry, Temple Univ. Medical School, Phila- 
delphia, Pa.  Epileptiform convulsions were in- 
duced in 25 dogs by alternating currents, the elec- 
trodes being placed in the conjunctival sacs. 
Before and after a series consisting of 1-15 ccn- 
vulsions, conductivity, total interferometric value 
(TIV) of the cerebrospinal fluid (CSF), P and Kk 
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content of serum and CSF were determined 
(table), and in some animals the permeability of 
the blood-liquor barrier was estimated by the 
uranine method. The ratio of interferometric value 
of the non-electrolytes (INE) to that of the elec- 
trolytes (IE) was calculated from the conductivity 
and TIV. The following mean values were 
obtained: 





INE | (og. 
%) 


1.72 


Conduc- 
tivity IE 





Before con- 
vulsions 

After con- 
vulsions 

Significance of 
difference 
(probability 
integral) 


1.39 X 102 0.596 


1.41 XK 10? 0.632} 1.96 


0.037 <0.01) <0.02 


























A statistical computation of the data showed that, 
following the convulsions, the total amounts of 
electrolytes (indicated by the conductivity), 
“ar K and P content of the CSF were signifi- 
cantly increased, while the permeability of the 


blood-liquor barrier for K and P ratio was 


_ser- 
CFS 
not significantly altered. Nor could changes of 
permeability of the blood-liquor barrier, as a 
result of convulsions, be found by the uranin 
method, in comparison with controls without 
convulsions. 

A theoretical study on the effect of aortic size on 
the ballistocardiogram. Isaac Srarr. Research 
Dept. of Therapéutics, Univ. of Penna., Phila. Con- 
sider an aorta of cross-section c divided into a 
series of n segments, the volume m of each equal- 
ing the cardiac stroke volume. The average sys- 
tolic velocity in the aorta = v and = = a. Then 
the impact from each segment = ma, the total 
impact = [ma + ma+ --+-mza]. Now consider the 
effect of doubling the aortie cross section without 
altering stroke volume. Then the aortic velocity 


— ’ 
becomes 5 the acceleration 5 the impact of each 


ma e e ° ° e 
segment = c This was visualized in our cardiac 


output formulae (Am. J. Physiol. 127: 1, 1939) and 
was the basis of the supposed need for estimating 
aortic size. 

But this conception neglects the fact that the 
enlarged aorta contains twice as much blood, and 
2n segments. The sum of their impacts 


Mm a m2 @ Men @ 
E Rng Mente | 


= [ma + mea + «++ maa). 


Any change in aortic diameter changes velocity 
and volume inversely; the effect on impact cancels 
out. 

This reasoning suggests that our cardiac output 
method would be improved by abandoning the 
attempt to estimate aortic size in each subject 
and employing a constant instead. It suggests that 
we have been overestimating the circulation in 
elderly persons relative to young ones, and to a 
less extent in large as opposed to small persons. 
The latter explains our finding that the average 
cardiac output of women was a little smaller than 
that of men (J. Clin. Invest. 19: 437, 1940). But the 
new conception gives promise of removing a step 
subject to grave error from our procedure. 

The effects of acetyl-beta-methylcholine in hu- 
man subjects with localised, lesions of the central 
nervous system. G. W. Sravraky and S. M. 
FisHEr (by invitation). Dept. of Physiology, Univ. 
of Western Ontario Medical School and Westminster 
Hospital, London, Canada. In 11 male human sub- 
jects with lesions of the frontal lobe, with and 
without involvement of the pyramidal system, in- 
tramuscular injections of 8-10 mgm. of Mecholy! 
(Merck) administered with the patients in a re- 
cumbent position produced an asymmetrical 
response. A widespread erythema was observed 
with some blanching. The blanching was particu- 
larly pronounced contralaterally, often involved 
whole extremities and was followed by a delayed 
flush after the ipsilateral erythema had subsided. 
During the reaction, which lasted 4-6 min. the 
contralateral extremities were colder than the ipsi- 
lateral ones; also there was an asymmetrical dis- 
tribution of sweating. In the early stages of the 
response a delay in the sensation of heat on the 
opposite side of the face and a transient dilatation 
of the contralateral pupil were commonly noted. 
Occasionally the pupil became irregular in outline 
and did not constrict as readily to light as the ipsi- 
lateral one. Muscular tremors, hyperreflexia, an 
increase of spasticity, wrist and ankle clonus and 
prominence of pathological reflexes on the opposite 
side of the body characterised the later stages of 
the reaction. 

It was shown in animals (Stavraky, G. W., 
Trans. Roy. Soc. Canada, vol. 37, sect. 5, p. 127, 
1943) that, in accordance with Cannon’s ‘‘Law of 
Denervation”’ a permanent sensitisation to acetyl- 
choline takes place in neurones which were directly 
connected with surgically removed parts of the 
brain. A similar sensitisation of certain regions of 
the nervous system to acetyl-beta-methylcholine 
in human subjects can account for the present 
results. 

The effects of conditions similar to high altitudes 
on colon size in dogs. F. R. Steccerpa and A. 
B. Taytor (by invitation). Dept. of Physiol- 
ogy, Univ. of Illinois, Urbana. Dogs with co- 
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lons previously made permanently opaque to 
x-rays with thorium dioxide (Thoratrast) were 
subjected to negative pressures corresponding to 
altitudes of 15,000 to 35,000 feet for varying periods 
of time (5 to 60 minutes). In experiments lasting 
more than 30 minutes, oxygen was supplied. The 
dogs were starved for 25 hours previous to the 
time of the experiment so that the colon might be 
free of fecal material. X-ray pictures of colon size 
at various altitudes were taken and the area meas- 
ured by means of the planimeter. Twenty-four 
different experiments were performed using ten 
dogs. In all cases Nembutal anesthesia was used. 

An examination of the data obtained shows that 
colon size is not altered appreciably up to altitudes 
of 20,000 feet, whereas above this level a progres- 
sive increase in size was observed in most cases. 
In four cases no ballooning was observed at high 
altitudes, but when known quantities of gas were 
injected into the colon by way of the rectum, a 
marked distention occurred at high altitudes. 

Further examination of the data shows that 
there is a tendency for the colon size to decrease 
with time after the desired altitude is reached and 
maintained. Evidence that this is not due to the 
absorption of the gas by way of the mucosa, but 
rather due to excretion by way of the rectum is 
reported elsewhere. Peristaltic activity was ob- 
served to be more marked below 27,000 feet than 
above. 

The recovery of the cut surface of the scallop 
muscle. H. B. Sternpacu and N. Kawata (by 
invitation). Dept. of Zoology, Washington Univ., 
St. Louis. The rate at which a cut surface of the 
scallop muscle changed to restore the normal mem- 
brane conditions as indicated by the injury poten- 
tial was measured by methods already outlined in 
general (Steinbach, Jour. Cell. and Comp. Phys- 
iol., vol. 3, p. 203, 1933). Since the initial change is 
nearly linear with time, the time in minutes for 
the first 10 millivolts change is used as a conven- 
ient experssion of rate. In normal sea water, the 
10 millivolts time ranged from 10 to 14 minutes. 

Confirming earlier studies, excess calcium in sea 
water increases the rate (2-3 min.). Other agents 
causing comparable increases in rate upon pro- 
longed soaking of the muscles were iodoacetic acid 
(6.5 min. at 0.001 M, 3 min. at 0.04 M), and inter- 
mediate concentrations of phenyl urethane (4-7 
min. } saturated solution). Ca-free solutions, cal- 
cium precipitants (oxalate and fluoride) and satu- 
rated phenyl urethane caused marked decreases in 
rate (50 min. or longer) also decreasing though not, 
as a rule stopping the effects of subsequently ap- 
plied calcium or iodoacetate. 

The effects of the agents are consistent with the 
known phenomena of membrane repair (see Heil- 
brunn, Outline of General Physiology) except those 
of iodoacetate. Concentrations of iodoacetate were 


high enough presumably to inhibit both oxidation 
and glycolysis. Other agents that might be ex- 
pected to act on enzyme systems through sulf- 
hydryl groups (p-phenylene diamine, copper salts, 
ferricyanide) were without effects as were suc- 
cinate and pyruvate. It is probable that the iodo- 
acetate effect is specific on the membrane forma- 
tion and not related to its usual metabolic effects. 

Rectification and injury potential in squid axons. 
H. B. Sternsacnu, 8. SpreGELMAN (by invitation) 
and N. Kawarta (by invitation). Dept. of Zoology, 
Washington Univ., St. Louis. The apparent re- 
sistance of the single giant axon to d.c. currents 
of short duration was measured by a simple wheat- 
stone bridge device, electrodes being applied at an 
uninjured region and an injured end in isotonic 
KCl solution. The difference in resistance with 
current flow inwardly and outwardly directed was 
taken as a measure of rectification, presumably by 
the axon membrane. In accordance with findings 
of previous workers the resistance is lower when 
the cathode is at the uninjured region, the differ- 
ence between the two orientations of electrodes 
depending on the current flow among other things. 

Change in rectification and injury potential 
measured on the same preparations and nearly 
simultaneous were recorded as the ionic environ- 
ment was altered. At low concentrations of potas- 
sium, changes in potassium content had little 
effect on rectification but caused a marked de- 
crease in injury potential. Potassium in concentra- 
tions increased above that of normal sea water 
caused the decrease in injury potential reported in 
other studies and also caused a very drastic fall 
in rectification. 

Calcium, in wide range of concentrations, had 
little effect on injury potential, but caused impres- 
sive increases in rectification frequently more than 
doubling the rectification at calcium concentra- 
tions two to three times that of normal sea water. 
Excess calcium also tended to prevent the drop in 
rectification due to excess potassium although 
having little effect on the decrease in injury poten- 
tial. It seems reasonable that rectification should 
be a measure of membrane stability, probably bet- 
ter than the injury potential which is less sensitive 
to environmental changes. 

Intestinal absorption during histotoxic anoxia. 
J. Ciuirrorp STICKNEY (by invitation), Davip W. 
Norravur and Epwarp J. Van Liere. Dept. of 
Physiology, School of Medicine, West Virginia 
Univ., Morgantown. The absorption (during 40 
min.) of Cl, Na, SO; and fluid from 100 cc. of a solu- 
tion of 4 isotonic NaCl and } isotonic Na2SQ, in 
Moreau loops (lower 45 to 60 cm. of the small intes- 
tine) in 20 fasting, paired, barbitalized dogs was 
determined. In the experimental animals KCN 
was injected by vein intermittently and sympto- 
matically to produce during the absorption period 
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a marked decrease in the oxygen consumption 
which was measured in both experimental and 
control animals with a Sandborn basal metabolism 
apparatus. Carotid blood pressure was recorded 
directly throughout. Cl was determined by the 
Van Slyke modification of the Volhard method, 
Na by the Butler and Tuthill method and SO, 
gravimetrically. 

The average reduction of oxygen consumption 
in the experimental dogs ranged from 13 to 48 per 
cent. In these dogs the KCN produced a marked 
depression of the blood pressure; this variable was 
uncontrolled. 

The per cent absorption in control and experi- 
mental dogs respectively was 82 and 76 of the Cl, 
52 and 53 of the Na, 27 and 30 of the SO, and 58 and 
60 of the fluid. The final concentrations of Clin the 
fluid in the loops of the control and experimental 
dogs were 30.9 and 42.4 m. eq./l. respectively, 
while those of the other ions were practically the 
same in both groups. Histotoxic anoxia produced 
no statistically significant differences under the 
conditions of the experiments. 

Emotional effects of oral examinations upon blood 
pressure and pulse rate. G. A. Tapert, Dept. of 
Physiology, Univ. of North Dakota. For the pur- 
pose of determining the emotional effects on blood 
pressure and pulse rate, tests were made on physi- 
ology medical students appearing for individual 
oral examinations lasting on an average of fifteen 
minutes. 

There were selected 79 different male students, 
and in all, 323 experiments were performed. Deter- 
minations were made on the systolic and diastolic 
pressures immediately before and immediately 
after the examination, likewise the pulse rate. 
Comparisons were made with the normal. Any 
change of less than 3 mm. pressure was disre- 
garded. 

Before the examination there was a rise in 61 per 
cent of the cases and 62 per cent of the cases after 
the examination. Either before or after there was 
a rise in 80 per cent of the cases. 

In the diastolic pressure there was a rise of 23 
per cent of the cases either before or after. Quick- 
ening of the pulse rate was more manifest but with 
no apparent correlation with blood pressure. At- 
tempt was made not to unduly excite the student 
as so commonly noted by a cross examiner in 
courts of law. 

Studies of the activity of the dog’s colon following 
the administration of gas. A. B. TayLor (by invi- 
tation) and F. R. Steaacerpa. Dept. of Physiol- 
ogy, Univ. of Illinois, Urbana. In these experi- 
ments dogs with colons made previously opaque to 
X-rays with thorium dioxide (Thoratrast) were 
used. Alterations in size of the colon were recorded 
on x-ray films, and the areas measured by means of 
the planimeter. The injection of the gas (room air) 


into the colon was done by cementing an impro- 
vised rubber funnel to the anus. By means of a 
burette and manometer attachment to the funnel, 
it was possible to record the amount of gas both 
administered and excreted by way of the rectum, 
as well as the motility and pressure alterations 
accompanying such changes. Nembutal anesthesia 
was used, and the observations were made on 5 
dogs for 12 different experiments. In all cases the 
colon was empty before starting the experiment. 

The results show that when 50 to 100 cc. of gas 
are administered there is an appreciable increase 
in colon size which remains this same size or even 
increases for a period of one to two hours, provided 
the gas is not allowed to escape by way of the rec- 
tum. Upon releasing the clip on the rubber funnel, 
we were able to collect an average of 85% of the 
gas administered. This gas was usually expelled in 
large quantities at first, but often continued to 
escape in smaller quantities for two to three hours. 
These observations indicate that under these con- 
ditions little or no gas is absorbed directly by way 
of the colon mucosa. 

In experiments where pressure and motility 
changes were measured following the gas adminis- 
tration, there occurred variations in pressure from 
4 to 35 cm. of water. The increase in pressure corre- 
sponded with marked contractions of the colon. 
In experiments in which an antispasmodic drug 
was administered intravenously, both motility and 
pressure were markedly reduced, and colon size 
was increased. 

The quantitative relationship between the colloid 
osmotic pressure of blood plasma and the A/G ra- 
tion. Henry LONGSTREET TAyYLor (by invitation) 
and ANcEL Keys. Lab. of Physiological Hygiene, 
Univ. of Minnesota, Minneapolis. The colloid 
osmotic pressure effects of the known impor- 
tant factors in blood plasma are covered in the 
following theoretical equation: 


ab 10aa:Ca-RT 10ag-Cg-RT 
Ma 


g 


Fas + AB 


where the subscripts a and g stand for albumin and 
globulin respectively; P is the colloid osmotic pres- 
sure in mm Hg; C is the protein concentration in 
grams per 100 cc. water; m is the molecular weight 
of the protein; a is an osmotic activity coefficient 
which includes the Donnan effect, hydration of 
the proteins, etc.; A is a dissociation factor for 
globulin in the presence of albumin at concentra- 
tions of 0 to 3.5 grams of total protein per 100 cc. 
water; 8 is an additional dissociation factor for 
globulin at higher concentrations of total protein; 
and R and T have their usual significance. Values 
for m and a were derived from separated solutions 
of albumin and glubulin; A and 6 on various di- 
luted plasmas, the point of reference being the 
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NaSO, A/G ratio. Thus A and Sinclude the error 
inherent in this method. The equation can be put 
into the following usable form: 


P = 2.74 Ca + Fo-Cy 


where F, varies with the A/G ratio and the total 
protein concentration. This equation has been 
tested on the colloid osmotic pressures of human 
and bovine plasma obtained in this Laboratory 
and the data of Weiss and Peters (human). It has 
been found to give satisfactory predictions (stand- 
ard deviation = +2.9 mm. Hg). 

Alloxan-induced diabetes in rats. E. Trorocoop 
(introduced by E. B. Astwood). Depts. of Pharma- 
cology and Medicine, Harvard Medical School, 
Boston, Mass. Observations on rats treated with 
alloxan monohydrate have confirmed recent re- 
ports that alloxan parenterally administered to 
various laboratory animals injures pancreatic in- 
sular tissue and induces symptoms of diabetes: 
hyperglycemia, glycosuria, polyuria, polydipsia, 
with or without ketonuria. 

Of 10 rats receiving subcutaneously in divided 
dosage a daily total of 20 mgm. per hundred grams 
body weight of alloxan for one to four days, 3 
developed glycosuria by the eighth day. Of these, 
a female bore a normal litter and is alive after 172 
days, excreting approximately 4 grams of sugar 
daily; a male recovered within two months and 
reacted negatively to a series of stilbestrol injec- 
tions. The third developed an infection and was 
discarded. Five of the group appeared unaffected; 
two died on the fourth day with findings indeter- 
minate. Of 50 rats receiving one injection of 20 mg. 
per hundred grams, 30 died within a week, 10 were 
unaffected, and 10 developed a characteristic, pro- 
longed, diabetic course terminating in dehydra- 
tion, anuria and death. Of 6 rats receiving one- 
half this dose, 5 were unaffected. The sixth fol- 
lowed a cyclic course, excreting for the first two 
months a daily average of 6 grams of sugar, during 
the third month—0.8 gram, and at the start of the 
fourth—4 grams. Of 6 rats receiving daily 5 mg. 
per hundred grams, 4 exhibited glycosuria in four 
weeks. 

Compounds of related chemical structure in- 
cluding uric acid, violuric acid, uramil, parabanic 
acid, benzalbarbituric acid, and 4-amino, 2-thio- 
uracil failed to produce comparable effects. 

Antithromboplastin (or anticephalin) activity of 
normal and hemophilic plasmas. LEANpRo M. To- 
CANTINS. Division of Hematology, Dept. of Medi- 
cine, Jefferson Medical College, Philadelphia. The 
clot delaying effect of incubation of plasma with 
homologous tissue extracts is only an underestima- 
tion of plasma antithromboplastin activity. Since 
it is the cephalin moiety of the thromboplastic 
lipoprotein that is vulnerable to the plasma anti- 
thromboplastin (Tocantins—Proc. Soc. Exp. Bio. 
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and Med. 54: 94, 1943), the response of a given 
plasma to a standard solution of human cephalin 
may serve as an indication of the antithrombo- 
plastin (or anticephalin) activity of that plasma, 
other factors being equal or under control. 

Dilution of plasma (up to 20 per cent) reduces 
its anticephalin content and enhances the clot 
accelerating action of the cephalin, even though 
prothrombin is simultaneously reduced. Extreme 
dilution diminishes and eventually effaces the dif- 
ference in behavior toward cephalin between nor- 
mal and hemophilie plasmas. Certain standard 
solutions of cephalin must be diluted 40 to 60 times 
in order to produce on normab plasma the delayed 
clotting time observed on hemophilic plasma 
treated with the undiluted cephalin. 

Anticephalin is removed from both plasmas by 
dialysis (1 part plasma vs. 50 parts HO, closed 
Visking 8/32 ‘‘Nojax’”’ casings, 12 hours.), or con- 
tact for 3-4 hours (10 mgms. per cc. plasma) with 
infusorial earth, asbestos fibres, pumice stone or 
“filter cell.’’ 

Effect of epinephrine on the synthesis of acetyl- 
choline. CLara Torpa and Haroup G. Wotrr. 
New York Hospital and the Depts. of Medicine 
( Neurology) and Psychiatry, Cornell Univ. Medi- 
cal College, New York, N. Y. Stimulation of the 
sympathetic nervous system or administration of 
epinephrine is often followed by evidence of stimu- 
lation of the parasympathetic nervous system. 
Epinephrine inhibits choline esterase (Waelsch and 
Rackow, Science 96: 386, 1942) producing an in- 
creased effectiveness of acetylcholine. In the fol- 
lowing it was ascertained whether the presence of 
epinephrine modifies the synthesis of acetylcholine 
in vitro. 

The synthesis of acetylcholine was studied fol- 
lowing the method of Quastel, Tennenbaum and 
Wheatley (Biochem. J. 30: 1668, 1937). Uniform 
samples of homogenized fresh frog brains were 
used as a source of the enzyme, while human serum 
or human spinal fluid and the frog brain itself 
supplied the substrate. The amount of free and 
total acetylcholine synthesized in the presence or 
absence of epinephrine was assayed biologically 
using the sensitized rectus abdominis muscle of 
frog. 

Epinephrine in concentrations from 1.1078 in- 
creased the synthesis of acetylcholine by 40 to 250 
per cent above the control. This increase in syn- 
thesis is probably due to the property of epi- 
nephrine to form a reversible redox system. 

Assuming that similar events may occur in the 
body, it is likely that the succession of manifesta- 
tions of stimulation of the sympathetic nervous 
system by evidence of stimulation of the para- 
sympathetic nervous system is due to both an 
increase in synthesis of acetylcholine, and an 
inhibition of choline esterase. 
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Effect of vitamine B, and related compounds on the 
riated muscle. CLaArnA Torpa and Haro.p G. 
jorrF. New York Hospital and the Depts. of 
fedicine (Neurology) and Psychiatry, Cornell 
iniv. Medical College, New York, N. Y. Minz 
Compt. rend. soc. biol. 127: 1251, 1938) observed 
hat cholinergic nerves liberate both thiamine 
hloride and acetylcholine when stimulated. From 
his observation v. Muralt (Naturvis. 27: 265, 
939) postulated that vitamine B, may have some 
irect effect on the contraction of striated muscles 
ollowing the stimulation of the motor nerves. 
cetylcholine and thiamine chloride may have 
imilar effects as both are quaternary ammonium 
ompounds containing a free hydroxy] group. Fur- 
hermore vitamine B, is a competitive inhibitor of 
he choline esterase (Glick and Antropol, Proc. 
soc. Exper. Biol. and Med. 42: 396, 1939). The 
purpose of the following investigation was to 
scertain whether vitamine B,; and related com- 
pounds have a direct effect on one of theeffector 
ells, the striated muscle of frog, and whether they 
nodify the contraction induced by chemical 
gents such as acetylcholine and potassium. 

Thiamine chloride, thiamine pyrophosphate, 
pnd acetylthiamine do not induce a contraction 
f the muscle in concentrations lower than 5.10°M 
na period of 3 minutes. Low concentrations do not 
nerease the effect of acetylcholine in inducing 

uscle contraction; higher concentrations may 
lepress the effect of acetylcholine, suggesting that 
he thiamine compounds interfere with the action 
pf acetylcholine. 

The thiamine compounds in concentrations from 
1077 to 5.10-3M increase the effect of potassium 
ninducing muscle contraction. This effect is prob- 
ably due to the action of thiamine compounds on 
he metabolism of muscle. 

The above observations may throw some light 
bn the mechanism of action of vitamine B, in regu- 
ating the contraction of muscle. 

Effects of referred somatic pain on structures in 
he reference zone. JANET TRAVELL, CHARLES 
DERRY and No.tton BrigELow (introduced by 
fecKeen Cattell). Depts. of Pharmacology and 
Anatomy, Cornell Univ. Medical College, New 
York, N. Y. Skeletal muscles may exhibit “trig- 
ker points’? or tender areas, pressure on which 
nduces referred pain. 

Lewis and Kellgren showed that referred so- 

atic pain following injection of hypertonic saline 
produces tonic contraction of muscles in the refer- 
nce zone. We have demonstrated that this phe- 
omenon applies to referred pain induced by pres- 
sure on spontaneous “‘trigger points.’’ In these 
Pxperiments action potentials, recorded by the 
athod ray oscillograph from electrodes inserted 
nto a muscle (deltoid) in the reference zone, 
llways appeared in association with a pain over 


the front of the shoulder induced by pressure on 
an irritable infraspinatus muscle, although the 
subject was able to relax completely as shown by 
absence of action potentials from other muscles in 
the arm (biceps and triceps) not in the reference 
zone. 

The amplitude of pulsation of the temporal 
arteries was measured by means of a tambour in 
five subjects with ‘‘trigger points’? in the neck 
muscles which gave pain referred to the forehead 
or to the temple. Pressure pain was associated 
with vasoconstriction of the temporal artery on 
the side to which it was referred, and release of 
pressure with immediate disappearance of pain 
and a transient vasodilatation. The temporal 
artery on the side opposite from the referred pain 
was similarly constricted, but there was no subse- 
quent vasodilatation. Pain in the arm produced by 
ischemia, needling or pressure on a ‘‘trigger point”’ 
likewise produced vasoconstriction but negligibl: 
or no vasodilatation of the temporal artery. 

Thus, referred muscle pain induced by pressur« 
produces specific localized responses involving not 
only skeletal muscle but also arteries in the refer- 
ence zone. 

The effect of chromatolysis on oxygen consump- 
tion in the spinal cord of the guinea pig. RoprErt S. 
TuRNER and Maraaret L. TuRNER (introduced 
by V. E. Hall). Dept. of Anatomy and Dept. of 
Physiology, Stanford Univ., Calif. Using mano- 
metric methods, determinations were made of the 
oxygen consumption of segments L5 to 83 of the 
spinal cords of various groups of guinea pigs, as 
follows: 1, a normal control group; 2, a group in 
which bilateral chromatolysis of anterior motor 
horn cells had been induced by section of both 
sciatic nerves fifteen days previously; 3, a group 
in which the number of anterior motor horn cells 
had been depleted by bilateral section of the sci- 
atic nerves three months previously; 4, a group in 
which unilateral chromatolysis had been induced 
by section fifteen days previously of the sciatic 
nerve of only one side; 5, a group in which the oxy- 
gen consumption was measured on the first, sec- 
ond, third, etc., day following bilateral section of 
the sciatic nerves. The group with bilateral chro- 
matolysis showed a depression of oxygen consump- 
tion to a level significantly below the normal. 
Similarly, the group in which both sciatic nerves 
had been sectioned three months previously 
showed a depression of the same order of magni- 
tude. In the group in which unilateral chromatoly- 
sis had been induced the oxygen consumption of 
both the chromatolysed halves and the unoperated 
halves of segments L5 to 83 fell within the range 
of values exhibited by the bilaterally chromato- 
lysed group; comparison of the operated with the 
unoperated halves revealed a difference in oxygen 
consumption which was not statistically signifi- 








cant. Twenty-four hours after bilateral section of 
the sciatic nerves the oxygen consumption of seg- 
ments L5 to 83 fell within the normal range, at 
forty-eight hours it approached and at seventy- 
two hours it reached the depressed range seen in 
the group with bilateral chromatolysis. From these 
data it would appear that neither the number of 
chromatolyzed anterior motor horn cells of seg- 
ments L5 to $3 as previously determined by Turner 
(J. Comp. Neurol. 79: 73, 1943) nor the consequent 
decrease in actual number of these cells can ade- 
quately account for the lowered oxygen consump- 
tion observed fifteen days and ninety days, respec- 
tively, after section of the sciatic nerves. 

The effect of anemic anoxia on peristalsis of the 
small and large intestine of the dog. Epwarp J. 
Van Liere, Davin W. Nortuvp and J. CLirrorD 
STicKNEY (by invitation). Dept. of Physiology, 
School of Medicine, West Virginia Univ., Morgan- 
town. The colon of lightly barbitalized dogs was 


exposed by a midline incision, and the movements . 


of the longitudinal muscles recorded. After a nor- 
mal tracing had been obtained, the animals were 
subjected to successive hemorrhages as follows: 
1.5, 0.7, 0.8 and 0.5 per cent of their body weight. 
Some animals withstood even greater hemor- 
rhages. An interval was allowed between each 
bleeding, and most of the experiments were con- 
ducted over a period of about 4 hours. 

In the majority of the animals the contractions 
of the muscles were affected, as evidenced by dimi- 
nution in the height and frequency of contraction, 
after the animals had lost an amount of blood 
equivalent to about 2.2 per cent of their body 
weight. Severe hemorrhage practically abolished 
the contractions, although an occasional animal 
appeared to be highly resistant. 

The effect of hemorrhage (20 per cent of the 
calculated blood volume) on the motility of the 
small intestine was studied on dogs. The experi- 
ments were rigidly controlled. A powdered char- 
coal-acacia mixture was given by stomach tube, 
and 30 minutes later the animal was sacrificed. In 
8 control animals 54 per cent of the gut was trav- 
ersed, and in 9 hemorrhaged animals 73 per cent. 
This suggests that the motility of the small intes- 
tine was increased following hemorrhage, but the 
figures were not statistically significant. Further 
work is in progress on this problem. 

Kidney size in relation to hypertensive effect in 
experimental renal hypertension. G. E. WAKERLIN, 
W. G. Moss (by invitation) and M. L. GoLpBERG 
(by invitation). Dept. of Physiology, Univ. of Illi- 
nois College of Medicine. Despite good experi- 
mental evidence that renal blood flow may be nor- 
mal in experimental renal hypertension following 
constriction of the renal arteries (Corcoran, A. C. 
and I. H. Page. Am. J. Physiol. 135: 361, 1942), 
some clinicians treat selected hypertensive pa- 
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tients with one atrophic kidney by unilate 
nephrectomy on the false assumption that rer 
ischemia is basically involved in the mechanis 
of experimental renal hypertension. 

We have studied the size of the kidney in re 
tion to its hypertensive effect in six dogs wi 
moderate levels of hypertension following bilate 
renal artery constriction four to twelve mont 
previously. External palpation under anesthes 
or inspection at laparotomy showed one kidney 
be normal or near normal in size and the oth 
approximately two-thirds normal size. Removal 
the normal sized kidney from three of the do 
resulted in a prompt significant decrease in blog 
pressure in each case. Removal of the smaller kit 
ney from the other three dogs caused no significat 
change in their pressure levels. Both groups ¢ 
dogs were followed for four months subsequent #Phicago 
nephrectomy. lemons 

The results of this preliminary study suggemfeurial 
that in experimental renal (Goldblatt) hypertetfoborat 
sion, a normal or near normal sized kidney ihig ner 
more effective hypertensively than a moderatelfhloride 
atrophic kidney. [Aided by a grant from the Jolffhese s 
and Mary R. Markle Foundation.]} nicropi 

Treatment of spontaneous hypertension in the d@ours, 1 
with renal extracts. G. E. WAKERLIN, M. L. Goutihieces c 
BERG (by invitation) and W. G. Moss (by invitdfration 
tion). Dept. of Physiology, Univ. of Illinois Collefhances 
of Medicine. One of us and others (Fed. Proc., Mxposin 
52, 1943) previously reported that the blood pre#hounte: 
sures of two dogs with spontaneous hypertensi0feyeral 
were significantly decreased by a four monthiMpade f 
course of partially purified hog renal extract cotffies we 
taining renin given daily and intramuscularly iMfistal 
a dose of 1 and 2 grams of fresh renal cortex equivpint. | 
lent respectively per kgm. of body weight. herves 

We have since treated one of these two hypertetfample 
sive dogs with a course of more highly purified hoff the s 
renal extract containing renin in a 3 gram dose alles. I. 
later with hog liver extract prepared after th@Rhe diff 
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manner of partially purified hog renal extract in § out « 
3 gram dose. The second hypertensive dog bh The 
since received a course of partially purified dofMiffusic 
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renal extract containing renin in a 3 gram dose. ! 
third spontaneously hypertensive dog was given 
course of heat-inactivated partially purified ho 
renin in a 3 gram dose. With each course of trea 
ment there appeared to be a significant decrease! 
blood pressure with a gradual return to the pr 
treatment hypertensive levels during the three 
five months following treatment. No toxic effect 
were observed. 

The results suggest that spontaneous hyperte! 
sion in the dog resembles experimental re 
hypertension in the same species not only in it 
response to partially purified hog renal extra 
containing renin but also in its response to m0 
highly purified hog renal extract containing ret 















































latetind heat-inactivated partially purified hog renin 
L retioth of which are antihypertensive in experi- 
1anisental renal hypertension (Fed. Proc. 2: 51, 1943). 
he results also suggest that spontaneous hyper- 
msion in the dog is more responsive to tissue 
ktracts than experimental renal hypertension 
laterfince, contrary to the former, the latter hyperten- 
nontiion showed no therapeutic response to the par- 
ithesfially purified dog renal extract or to the hog liver 
ney @tract (Fed. Prec. 2: 51, 1943). [Aided by grants 
oth@om the John and Mary R. Markle Foundation and 
val Marke, Davis and Company.] 
> do@l Proximo-distal fluid convection in nerves, 
blodemonstrated by radioactive tracer substances. 
r ki@>,ut Weiss, Hst Wane (by invitation), A. Ceci. 
ficagf,ytor (by invitation) and Mac V. Epps, JR. 
ips @by invitation). Dept. of Zoology, The Univ. of 
ent {{hicago. Color indicators injected into rat nerves 
lemonstrate a proximo-distal shift of the endo- 
iggetheurial diffusion field (see preceding note). Cor- 
>rteloborative evidence was obtained in rat and guinea 
ey Mig nerves with the use of radioactive sodium 
ratelfhloride and cupric chloride. A minute pellet of 
Jolfhese substances was deposited by means of a 
micropipette inside the nerve in situ. After 3 to 48 
hours, the nerves were excised, dried and cut into 
pieces of equal length (mostly 5 mm.). The concen- 
ration of radioactive contents at various dis- 
ollef@ances from the injection site was determined by 
C., 4xposing these fragments successively to a Geiger 
presfounter. Usually fragments from identical levels of 
nsilfeveral nerves were lumped. Corrections were 
nthfnade for background radiation. Radiation intensi- 
Collies were then compared between proximal and 
ly iMistal samples equidistant from the injection 
uiv#oint. In 33 out of 34 such pairs from 29 different 
erves injected with cupric chloride, the distal 
samples contained significantly greater amounts 
pf the substance than corresponding proximal sam- 
ples. In 43 nerves injected with sodium chloride, 
* thithe differential was in favor of the distal samples in 
; in $20 out of 21 pairs. 
; hill The results prove a gradual distad shift of the 
 doffiiffusion field in rat and guinea pig nerves. This 
se. MBhift occurs even in the absence of blood circula- 
en ion, but not after cutting or excising the nerves. 
hoMfA rabbit nerve gave inconclusive results. [Work 
lone under contract, recommended by the Committee 
bn Medical Research, between the Office of Scientific 
Research and Development, and the University of 
hicago; also aided by the Dr. Wallace C. and 
lara A. Abbott Memorial Fund of the University 
Mf Chicago.] 
Proximo-distal fluid convection in nerves, dem- 
nstrated by color indicators. Pau Weiss and 
Hst Wana (by invitation). Dept. of Zoology, 
he Univ. of Chicago. The proximo-distal seepage 
Mf endoneurial fluid, originally assumed from ob- 
ervations on edema in constricted nerve (Weiss 
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1943), has been more directly demonstrated by the 
following experiments on rat nerves. 

Particles of Chinese ink, injected into intact 
nerves in the living animal, move farther distad 
than proximad (46 cases). More conspicuous dif- 
ferences were obtained with the Prussian Blue 
reaction. After receiving a localized injection of a 
minute amount of potassium ferrocyanide, the 
nerve was left in situ for several hours, then ex- 
cised and transferred to ferric chloride for 
Prussian Blue assay of the spread of the injected 
substance. Of 31 nerves examined between 3 and 
34 hours, 11 showed symmetrical diffusion, 2 a 
slight proximal excess, and 18 a markedly greater 
spread distad than proximad (averaging 7.1 and 
3.8 mm., respectively). Nerves transected, ligated 
or excised at the time of injection developed no 
such differential. 

In further experiments, a solid crystal of potas- 
sium ferrocyanide (cca. 0.1 mg.) was embedded in 
the nerve; otherwise same treatment as before. 
Of 51 treated nerves, 4 showed a slight proximal 
surplus. The remaining 47 gave the results listed 
below. The table also lists 28 control experiments 
with nerves cut at the time of injection. 
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The figures demonstrate the gradual distad shift 
of the whole diffusion field in the intact nerve at a 
rate of cca. 1 mm. per hour. [Work done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific [esearch 
and Development and the University of Chicago; 
also aided by the Dr. Wallace C. and Clara A. 
Abbott Memorial Fund of the Univ. of Chicago.| 

Urinary and salivary flows under desert condi- 
tions. J. H. Wits and J. J. Kevy (by invitation). 
Depts. of Physiology and of Biochemistry and 
Pharmacology, School of Medicine and Dentistry, 
The Univ. of Rochester, Rochester, N. Y. Men 
drinking tap water ad libitum during laboratory 
exposures to high temperature (112° to 125°F.) 
and low relative humidity (6 to 20 per cent) lost 
an average of 1.5 per cent of their initial body 
weights, and produced daily an average of 709 mls. 
of urine; men deprived of water during the same 
exposure, and accordingly losing up to 11 per cent 
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of their body weights, had an average daily 
urinary volume of 714 mls. Urine flow decreased 
and urine specific gravity increased with exposure 
to heat. Dehydrations ranging from two to eleven 
per cent of body weight had no progressive effects 
on urine flow and specific gravity. 

Men living under conditions of high temperature 
and low relative humidity either in the desert or 
in the laboratory had 24-hour urines of low volume 
(av. 907 mls.) and high specific gravity (av. 1.028). 
This may indicate that such an environment re- 
sults in an unrecognized deficit of body water, so 
that men living in the desert are always slightly 
dehydrated. 

Stimulated salivary rate (paraffin chewing) 
varied inversely with deficit of body weight (cor- 
relation coefficient of 0.74), and seemed to ap- 
proach zero at a dehydration of about 8 per cent. 
The secretion of saliva by dehydrated men could 
be increased markedly by oral administration of 
pilocarpine but without significant alleviation of 
thirst, indicating that this sensation is not caused 
by pharyngeal dryness alone. 

Salivary flow is believed to be a useful index of 
loss of weight by the body during dehydration, 
whereas urine flow and specific gravity are thought 
to have little value as indices of deficit of body 
water. [Work done under contract, sponsored by 
CMR, between OSRD and The Univ. of Rochester. 
Field studies were made possible by various units 
of the U. S. Army.] 

Effects of “‘nitrite’’ vasodilators on blood pres- 
sure. J. H. Wiis, J. C. WEAVER (by invitation) 
and H. C. Hover. Dept. of Biochemistry and 
Pharmacology, School of Medicine and Dentistry, 
The Univ. of Rochester, Rochester, N. Y. Sodium 
nitrite, nitroglycerine, erythrol tetranitrate, man- 
nitol hexanitrate and a placebo were each given 
orally in usual clinical doses to patients with 
normal and elevated blood pressures. Blood pres- 
sure determinations were made at brief intervals 
until the effect of the drug was over. Fifty-one 
per cent of the patients given drugs had a fall of 
systolic pressure, while only 23 per cent showed a 
lowering of diastolic. The systolic fall was usually 
greater than the diastolic. None of the subjects 
had any significant change after the placebo. 

The table summarizes the effects of the four 
drugs on the systolic pressure of hypertensive 
patients. The average fall in the blood pressure of 
norma! patients after a drug was up to 10 mm. less 





Lat- | Dura- 
ency tion 
(mins.)}(mins.) 


Dose | Fall 


Drug (gm.) 





0.13 62 
0.006 20 
0.016 256 
0.032 252 


ae 
Nitroglycerine 

Erythrol tetranitrate............. 
Mannitol hexanitrate............. 

















than the corresponding figure for hyperte 
sive ones. 

In contradistinction to this wide variation , 
effect on oral administration, intravenous injeq 
tion of 1 mg/kg of the same four drugs into ca 
produced falls in blood pressure of approximatel} 
the same latency, intensity and duration. Ther 
fore, these four drugs are equally active once the 
are in the blood stream, and the differences on ord 
administration probably result from difference 
in absorbability from the intestine. 

Brain changes after asphyxiation at birth. W. f 
Winnie, R. F. Becker and ArtHur WEIL (bj 
invitation). Inst. of Neurology and Dept. of Ana 
omy, Northwestern Univ. Medical School, Chicaq 
Seventy guinea pigs were asphyxiated and 
suscitated at birth. The brains of these and 
normal littermate controls were sectioned seriall} 
and stained by a method permitting accurate his 
tologic comparison. 

Hemorrhages occurred in brains of all, 3 houn 
to 5 days after resuscitation, but in none killed by 
asphyxia. Edema appeared to be present betwee 
8 hours and 4 days after resuscitation. Hemorrhag 
and edema apparently were not primary causes 4 
neuron damage. Nerve cell changes, includin 
peripheral vacuolization and chromatolysis 
curred in all specimens between 1} hours and J] 
days. Marked cytopathology was often circum 
scribed. Cerebellum and corpus striatum wer 
not severely affected, but thalamus, cerebr 
cortex, tegmentum and spinal cord were often badl 
damaged. A transient microglia proliferation tool 
place at 2 to 21 days. Generalized or regions 
atrophy followed neuron destruction in two-thir 
of severely asphyxiated, and half the mild 
asphyxiated animals. 

It was concluded that experimental asphyxis 
tion followed by successful resuscitation of guine 
pigs at birth produced neuropathologic change 
of variable degrees of severity in all specimel 
studied 1} hours to 3 weeks after birth, and pro 
duced detectable permanent structural changes ! 
more than half of those allowed to live for mo 
than 3 weeks. [Aided by grants from The Women] 
Faculty Club and Medical Abbott Fund of Nort 
western Univ. Medical School.] 

Thalamic damage after asphyxiation at bir 
W. F. Winpiz, R. F. Becker and Exst ! 
Hunter (by invitation). Inst. of Neurology 4 
Dept. of Anatomy, Northwestern Univ. Medi 
School, Chicago. Brains of 60 guinea pigs, asphys 
ated and resuscitated at birth and killed 2 hours 
3 months later, showed pathologic changes | 
various regions. The thalamus and genicula 
bodies were damaged more consistantly than al 
other parts. In 17 animals, marked changes we 
encountered there without apparent damage | 
corpus striatum or cortex. In 5 of these, unilate 





ymen ie 


Nor! 


bir 

s1E | 
y 4 

f edict 
phys 
urs 

ges | 
cul’ 
yn. all 
g we 
age | 
late 


AMERICAN PHYSIOLOGICAL SOCIETY 53 


or bilateral hemorrhages were found about the 
anterior thalamic vessels. These brains and those 
without hemorrhages showed large areas of nerve- 
cell degeneration beginning in the anterior region, 
extending into the posterior and ventral, encroach- 
ing upon or involving most of the geniculate 
bodies, but sparing the medial parts of the 
thalamus and most of the hypothalamus. AM of 
the cytopathologic changes were bilateral. 
Correlated with structural defects certain motor 
and sensory symptoms appeared consistently. 
During the acute period these animals showed 
tremor, ataxia, incodrdination, chorioathetosis, 
hyperesthesia and were extremely irritable. They 
lacked startle and nuzzle reflexes, the latter es- 
sential for nursing. Before they could right they 
lay upon their sides with limbs on which they lay 
extended and opposite limbs flexed. Recovery from 
motor symptoms was gradual. Hyperirritability 
soon subsided and hypoesthesia appeared as a 
permanent condition. Somnolence was usually 
observed and was often marked. Correlated with 
geniculate damage were defects in hearing and 
vision. [Aided by grants from The Women’s Faculty 
Club and Medical Abbott Fund of Northwestern 
Univ. Medical School.] : 
Structural alterations in the brain in and after 
experimental concussion. W. F. Winpiz, R. A. 
Groat (by invitation) and C. A. Fox (by invita- 
tion). Inst. of Neurology, Northwestern Univ. 
Medical School, Chicago. Concussions, without 
fracture and usually without hemorrhage, were 
produced in guinea pigs by striking the movable 
head. Controlled histopathologic studies were 
made at intervals up to 32 days thereafter. Im- 
mediate anatomical changes were demonstrated 
by perfusing -with formalin a few seconds after 
striking a concussive blow. Nissl bodies of certain 
neurons became disorganized, some fragmented 
and others agglutinated, and the normal pattern 
or arrangement was significantly altered. 
Chromatolysis began to appear 24 hours after 
concussion, became very marked by 6 days. It 
differed from that seen in ischemia or after axon 
section. No pathologic changes were observed in 
nerve roots or tracts after concussion. Cells of 
cerebrum, basal ganglia, thalamus, cerebellar 
cortex and sensory ganglia appeared to be un- 
affected. Only in one instance did an occasional 
primary motor neuron of cranial nerve nuclei show 
change. However, a few cervical anterior horn 
cells were chromatolyzed after very strong simple 
concussions. Marked degeneration took place in 
scattered large interneurons of the tegmentum of 
midbrain, pons and medulla oblongata, of Deiter’s 
red and spinal trigeminal nuclei. Other vestibular, 
cochlear and central cerebellar nuclei were af- 
fected after very strong blows. Extent and amount 
of damage varied with severity of concussion. 


Several less severe blows caused as much change as 
a single strong blow. [The work described in this 
paper was done under a contract, recommended by 
the Committee on Medical Research, between the 
Office of Scientific Research and Development and 
Northwestern Univ.] 

Additional observations on a “‘second’’ somatic 
receiving area in the cerebral cortex of the monkey. 
Curnton N. Wootsey, Dept. of Physiology, School 
of Medicine, Johns Hopkins Univ., Baltimore, 
Md. In a previous note (Fed. Proc., 1943) we re- 
ported that a ‘‘second”’ somatic receiving area, 
homologous to Adrian’s ‘‘second’’ somatic re- 
ceiving area in the anterior ectosylvian gyrus of the 
cat, had been found in the monkey on the superior 
bank of the Sylvian fissure posterior to the insula 
in close relationship to the auditory area. The area 
is contiguous to area 7 of the posterior parietal 
gyrus. It was reported that in cat and dog the 
area received impulses from both sides of the body, 
chiefly from the apices but also from proximal 
parts of the limbs in response to movement of 
hairs or, under deeper anesthesia, to pressure. 
In monkey contralateral responses only were 
found and only in response to pressure applied to 
digits or to skin overlying muscles activating them. ° 

In additional experiments on the monkey we 
have found that hair movement alone is sufficient 
to evoke responses in the ‘‘second”’ area provided 
the animal is under rather light anesthesia. Under 
this condition responses are produced both by 
contralateral and by ipsilateral stimulation. In 
the monkey responses can be evoked in areas 3, 
1 and 2 of Brodmann under anesthesia too deep 
for production of responses in the ‘‘second”’ 
somatic area. In the cat the opposite obtains and 
“‘second”’ area responses can be evoked in animals 
too deeply anesthetized for elicitation of responses 
in the primary area. In the cat latency is shorter 
for the ‘‘second’’ area response; in the monkey 
latency is shorter for the primary area response. 

Compensatory renal hypertrophy after unilateral 
nephrectomy in thyroidectomized rats, considered 
in relation to histological changes in the pituitary. 
IsotpE T. ZEckweEr. Dept. of Pathology, Univ. 
of Pennsylvania Medical School. Evidence in the 
literature indicates that compensatory kidney 
growth after unilateral nephrectomy depends upon 
pituitary function. Thyroidectomy is known to 
reduce the number of acidophiles. 

Twelve groups of rats were studied, each group 
consisting of 4 litter-mate males: 1, intact; 2, 
left nephrectomized; 3, thyroidectomized; 4, thy- 
roidectomized with left nephrectomy. One adrenal 
and/or one testis was also removed to place extra 
burden of secretion on the pituitary. Compensa- 
tory hypertrophy was calculated as weight of 
right kidney of rat 2 over weight of right kidney of 
rat 1, and of 4 over 3, as factors of increase, for 
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which the mean values were 1.43 for rats with 
thyroids intact, and 1.41 for thyroidectomized 
rats. These are not significant differences. There- 
fore, although thyroidectomy reduced the weight 
of kidneys, when body kidneys were present, it 
did not alter significantly the compensatory 
hypertrophy. This supports the results of 
McQueen-Williams and Thompson who deter- 
mined compensatory hypertrophy by a different 
method. 

The hypothesis previously suggested by the 
author that stunting of visceral growth in thy- 
roidectomized rats may be ascribed to acidophile 
loss must be modified now in view of this evidence 
that compensatory kidney growth can occur with 
reduced acidophiles, and in view of evidence that 
growth hormone administration does not benefit 
the hypothyroid individual, whereas administra- 
tion of thyroid extract restores structure and func- 
tion of the pituitary in the thyroidectomized 
animal. 

The reactions of growing chicks to diets varying in 
salt content. R. P. Zimmer, J. 8S. Bartow and 
S. J. Suincer (introduced by J. F. Manery). 
Depis. of Poultry Husbandry and Animal Nutri- 
tion, Ontario Agricultural College, Guelph, Canada. 
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For these experiments newly hatched Barred 
Plymouth Rock chicks were reared to 9 weeks of 
age on diets to which salt had been added in 
amounts varying from 0 to 10%. Twelve groups of 
birds were used, each group consisting of 16 males 
and 16 females. Records were kept of their weights 
and their consumption of food, water, oyster shell, 
bone meal and grit, all of which were supplied ad 
libitum. The death rate was noted and at 9 weeks 
10 birds were sacrificed and their tissues analyzed. 

The number of survivals was least in the group 
receiving the 8% salt diet undoubtedly due to the 
fact that their total intake was appreciably higher 
than in any other group. The consumption of 
oyster shell, bone meal and grit, which are largely 
calcium and magnesium carbonate and phosphate, 
and also the water intake increased almost linearly 
as the salt content rose, until about 6% at which 
time a “breaking point’”’ was observed in this type 
of compensation. 

The concentration of chloride in skin, tendon 
and kidney almost doubled. There was also some 
increase in chloride in the lung and the liver, a 
slight change in skeletal muscle but an actual fall 
in heart muscle chloride. 
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Abstracts of papers received from the Secretary of the Society. Since there will be no meet- 
ing in 1944 these papers are to be regarded as “‘read by title’. For possible corrections in 
any of these abstracts see the next issue. 


Absorption of quinine from isolated intestinal 
loops. James C. ANDREWS and W. E. CorNATZER 
(by invitation). Dept. of Biological Chemistry and 
Nutrition, School of Medicine, Univ. of North 
Carolina, Chapel Hill. Comparisons of the rate of 
absorption of quinine in the forms of the free base, 
the hydrochloride and the sulfate under various 
conditions from isolated intestinal loops of dogs 
have led to the following conclusions: 

Within short periods (up to 30 minutes) the 
dihydrochloride is absorbed two to three times as 
rapidly as the sulfate. In experiments of sixty and 
ninety minutes the difference between the two 
salts is much smaller. That this difference is nota 
simple result of water solubility is indicated by 
two findings. Administration of the quinine sulfate 
in solution in physiological saline, in which it is 
much more soluble than in water, has no effect on 
its speed of absorption. Higher concentrations of 
sodium chloride, although they increase the solu- 
bility of the quinine sulfate up to a maximum at 


about 4% NaCl, decrease the rate of absorption. 
Furthermore the free base, with its very low water 
solubility, is much more quickly absorbed than 
is the sulfate and, in fact, leaves the loop nearly 
as rapidly as does the dihydrochloride. The pH of 
the contents of the loop is not sufficiently low to 
convert any appreciable portion of the base into a 
salt and even the simultaneous addition of equiva- 
lent amounts of sodium sulfate with the free base 
does not decrease the rate of absorption. [Sup- 
ported by a grant from the Samuel S. Fels Fund.]| 
Denaturation of the gonadotropins by urea. 
Fritz Biscuorr. Santa Barbara Cottage Hospital 
Inst., Santa Barbara, Calif. The rate of inactiva- 
tion of the physiologic activity of human 
chorionic, sheep pituitary, and mare serum hor- 
mones in 40 per cent urea concentration at 37.5°C. 
was studied. The inactivation of the chorioni¢ 
gonadotropin proceeded rapidly and was inde- 
pendent of concentration of hormone, but the rate 
was such that a first order reaction could only be 
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assumed on the basis that the reaction product 
was a stable substance of lesser biologic activity. 
Chorionic gonadotropin partially inactivated by 
standing in aqueous solution at room temperature 
was more rapidly inactivated by urea than the 
original hormone. The mare serum hormone mani- 
fested a remarkable degree of stability. The in- 
activation of the sheep pituitary gonadotropin 
proceeded less rapidly than that of the chorionic 
gonadotropin and was somewhat dependent upon 
concentration. 

Relationship between protein intake and py- 
ridoxine deficiency in the rat. The réle of trypto- 
phane and cystine. LEopotp R. Crerecepo and 
Joun R. Foy (by invitation). Dept. of Chemistry, 
Fordham Univ., New York City. In a previous 
communication (Proc. Div. Biol. Chem., Amer. 
Chem. Soc., Atlantic City, 1941), it was 
shown that the level of protein in the diet has a 
pronounced effect on the severity of symptoms of 
pyridoxine deficiency in the rat. The dermatitis 
that developed on a low protein diet was a mild 
form in most cases, whereas in the animals re- 
ceiving the higher protein levels, severe symptoms 
developed. 

A possible connection between tryptophane and 
the effects of a high protein intake was suggested 
by the experiments of Lepkovsky et al. (J. Biol. 
Chem. 149: 195, 1948), who isolated xanthurenic 
acid from the urine of pyridoxine-deficient rats, 
and showed that it was derived from dietary 
tryptophane. These findings indicated a derange- 
ment of tryptophane metabolism. 

With a view to ascertaining the réle of trypto- 
phane and cystine in the development of pyri- 
doxine deficiency, the following experiments were 
carried out. One group of rats, which served as 
controls, received the low-protein (15 per cent) 
ration (diet A). A second group received diet A 
supplemented with tryptophane in an amount 
equivalent to that present in a diet containing 60 
per cent of casein. In these animals, the symptoms 
appeared at a later period than in the controls. 
They also lived longer. A third group receiving 
diet A supplemented with cystine developed more 
severe symptoms than the controls. A fourth group 
were given diet A supplemented with tryptophane 
and cystine. In this case, the tryptophane had 
some protective action, but it was not sufficient to 
neutralize completely the effect of cystine. [Aided 
by a grant from the Committee on Scientific Re- 
search of the American Medical Association]. 

Vitamin E deficiency in the mouse. LEoproLp R&R. 
Cerecepo and Leonarp J. Vinson (by invita- 
tion). Dept. of Chemistry, Fordham Univ., New 
York City. Symptoms such as muscular paralysis 
and incoordination of the forelegs and head, have 
been observed in rats on vitamin E deficient 
diets. Attempts to obtain similar manifestations 


in mice have hitherto failed. We have observed 
numerous cases of incoordination in young mice 
from females reared on a diet having the following 
percentage composition: Casein, 17; salts, 5; 
Crisco, 4; lard, 3; cod liver oil, 3; sucrose, 58; and 
brewers’ yeast, 10. The dyndrome is characterized 
by a tilting of the head to one side, inability to 
run in a straight line, and a frequent tendency to 
move backwards. In some animals, muscular 
paralysis developed just before weaning. In several 
cases, these symptoms disappeared after weaning, 
but for the most part they remained throughout 
life. Administration of alpha-tocopherol, 20 mg. 
per kilo of diet, prevented almost entirely the de- 
velopment of symptoms. Increasing the protein 
of the diet to 25 per cent had a similar effect. 

Of a total of 27 litters weaned on the basal diet, 
15 contained young showing vitamin E deficiency, 
whereas of 17 litters weaned on the basal diet sup- 
plemented with vitamin E, only 2 exhibited the 
symptoms, and of 11 litters weaned on the 25 per 
cent casein diet, only 3 showed signs of vitamin E 
deficiency. The effect of the increased protein 
intake is interesting, since it indicates that pre- 
vious failures to obtain symptoms in vitamin E- 
deficient mice may be related to the high protein 
level in the diets used. Our findings suggest a 
relationship between vitamin E and _ protein 
metabolism. 

The influence of insulin and the ions of sodium 
and potassium on the consumption of oxygen by 
liver slices. RALPH C. CortEy and DeLBert M. 
BERGENSTAL (by invitation). Dept. of Chemistry, 
Purdue Univ., Lafayette, Indiana. The increase in 
the consumption of oxygen in Warburg flasks, by 
liver slices of white rats (fed or fasted), in the 
presence of pyruvate (concentration of substrate 
routinely 0.01 M), and the further increase with 
the additional presence of zinc-free insulin, have 
been found to be markedly influenced by the ratio 
of sodium ion to potassium ion, in the isotonic 
phosphate buffer solution (pH = 7.3) in which each 
is suspended. In the practicable absence of either 
Na or K, insulin had little or no effect on the rate 
of absorption of oxygen in the presence of py- 
ruvate. The maximum effect was observed when 
Na:K = circa 16:1, although with pyruvate alone, 
TQO: was highest with a lower ratio of Na:K. 

Essentially similar conclusions appear war- 
ranted for the experiments with succinate and with 
citrate. 

When the ratio of Na to K was 4 to 1, there was 
with added insulin a further increase in the con- 
sumption of oxygen with hexosemonophosphate, 
hexosediphosphate, a-ketoglutarate, and oxalo- 
acetate respectively, a slight (perhaps significant) 
increase with malate, but none with fumarate, 
butyrate, cis-aconitate, glycogen or glucose. In 
experiments similar except for the practicable 
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significant) 
increases in the consumption of oxygen were ob- 
served with hexosemonophosphate, hexosediphos- 
phate and a-ketoglutarate respectively, but not 
with oxaloacetate, fumarate, malate or butyrate. 

Zinc-insulin has not been found to increase the 


absence of Na, slight 


(perhaps 


consumption of oxygen in the presence of 
pyruvate. 

It is suggested that the current lack of agree- 
ment concerning the influence of insulin in slices 
and other preparations of tissues, is attributable 
in some measure to differences in the inorganic 
composition of the suspending fluids employed by 
the several investigators. 

Intravenously administered crystalline amino 
acids in causation of vomiting in dogs. WARREN M. 
Cox, Jr. AND ARTHUR J. MUELLER (by invitation). 
Mead Johnson Labs., Evansville, Ind. Intravenous 
injections of 0.24 gm. nitrogen per kilo as essential 
amino acids, and Amigen (casein hydrolysate), 
were made in two dogs. An equivalent amount of 
glycine replaced any amino acid omitted from 


Mixture VII». 


Injection time* 
































Dog. 1, 25 kg. Dog 2, 20 kg. 
Amino acid omitted — ey 3 
| 30 0 
hrs. 1 hr. min. | hrs 1 hr. min. 
Mixture VII> V V 
Amigen 7 = on ae = —< 
dl-Threonine } — —_ 
dl-Valine V 
dl-Leucine Vv —1)/->5)/ V 
dl-Isoleucine Vv V 
dl-Lysine Vv 
dl-Tryptophane - _ —_ _ Vv V 
dl-Phenylalanine _ Vv 
dl-Methionine — a = Vv 
dl-Methionine & glycine —o 
l1-Histidine HCl ie] Vv 
1-Arginine HCl — Vv 
Mixture VII° — | V Vv 
Amigen® os Vv eet Vv 
® Symbols: V = vomiting; «+ = nausea; — = no effect. 


b Madden, et al., J. Exper. Med., 77, 277 (1943) 

© 45 min. injection. 

4 Dog apparently learned to tolerate injections. 
© Injected at end of series for comparison. 


As the study progressed, Dog 1 did not vomit on 
previously unsatisfactory mixtures (e.g., leucine- 
free). Dog 2 vomited with all mixtures except that 
the methionine-free one was tolerated best. Casein 
hydrolysate caused less vomiting than the mixed 


ten crystalline acids. Since no one amino acid was 
found causative of vomiting, it is believed that 


the unnatural isomeric forms are responsible. 


Amino acids in the potato (Solanum tuberosum). 
Frank A. Csonxa and H. LicHTENsTeEIN (by in- 
vitation). Bureau of Human Nutrition and Home 
Agricultural Research Administra- 


Economics, 
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tion, U. S. Dept. of Agriculture, Washington. In 
the determination of amino acids in the whole 
potato, we observed an exceptionally high content 
of tyrosine, which, if present entirely in the pro- 
tein of the potato, would represent an unusually 
high percentage (7 to 10 per cent). It was found, 
however, that part of the tyrosine is present in free 
form in the press juice. 

The whole potato was mashed under 2 N sul- 
furic acid; the acid extracts adjusted to 5 N were 
hydrolyzed and showed 62 mg. of tyrosine (Folin- 
Ciocalteu) per 100 gm. of potato. When the potato 
was pressed and the press cake extracted by water 
followed by salt solution (1 per cent) the tyrosine 
content was 42 mg. In the acid immersion method 
where tyrosinase activity was eliminated the 
tyrosine value is 50 per cent higher than that ob- 
tained in the press juices. The press juice con- 
tained 20 mg. of free tyrosine per 100 gm. of potato 
as determined in the filtrate remaining after 
coagulating the protein by heat. When the press 
juice was dialyzed, and the dialysate extracted by 
butyl alcohol (Dakin), tyrosine crystals were 
easily distinguishable under the microscope. The 
difference between the values for tyrosine ob- 
tained on one aliquot of juice heated immediately 
after pressing and another aerated without in- 
activation agreed with that for free tyrosine. 
Tyrosinase affects only free and not the peptide- 
bound tyrosine. 

Colorimetric determinations also indicated that 
out of 28 mg. of tryptophane found in 100 gm. of 
potato 15 mg. are present in free form, assuming 
that none of the color was due to an indole product 
resulting from tyrosinase activity. 

The content of water, chloride, total nitrogen and 
collagen nitrogen in tendons of the dog. LILiian 
EICHELBERGER and JEAN D. Brown (by invita- 
tion) Dept. of Medicine, Univ. of Chicago. The 
right and left Achilles tendons and the tendons of 
the flexor and extensor muscles of the front legs 
were removed from eight dogs for analyses of 
total fat, total water, chloride, total nitrogen and 
collagen nitrogen. Wide deviations in the concen- 

trations of these constituents were found in differ- 
ent sections of the individual tendons. Neverthe- 
less the average of all of the analytical values for 
each constituent of the tendon was practically the 
same for every animal. It appears probable there- 
fore that at different levels of the tendon there are 
present different sense organs, blood vessels, 
fascia, etc. which would account for the variations 
in the content of fat, water and nitrogen in the 

different sections of each individual tendon. 

For the Achilles tendons the means were found 

to be as follows: total water, 610.7 + 1.04 g.; 

chloride, 77.2 + 3.2 mM; total nitrogen, 67.8 + 

3.3 g.; collagen nitrogen, 61.0 + 3.2 g. per kilo of 

fat-free tendon. For the frontal tendons the means 
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were: total water, 602.8 + 1.41 g.; chloride, 79.1 + 
52 mM; total nitrogen 67.1 + 3.2 g., and collagen 
nitrogen 63.1 + 2.2 g. per kilo of fat-free tendon. 
Response of the gastrointestinal tract to in- 
gested glucose. Paut F. Fenton (by invitation) 
und Haroup B. Pierce. Dept. of Physiological 
Chemistry, College of Medicine, Univ. of Vermont, 
Burlington. The methods used in these studies on 
ats have been reported previously (J. Biol. Chem. 
133: xxxi, 1940). Numerous additional experi- 
ments have since confirmed our findings that the 
emptying rate of the stomach decreased progres- 
sively as greater concentrations of glucose were 
ed, that the rate of absorption increased sig- 
nificantly with the concentration fed, that the 
olume of acid gastric secretion decreased with 
nereasing concentration but that very high con- 
entrations elicited a copious secretion of slightly 
uikaline fluid. 

It was found that gastric secretion, gastric 
pmptying and intestinal absorption were most 
apid during the quarter hour following adminis- 
ration of the glucose solutions ranging from 5.5 
065 per cent in concentration. When concentrated 
ylucose solutions were fed, an inhibition of gastric 
mmptying began shortly after glucose injection. 
Although emptying was gradually resumed, it 
emained slow during the remainder of the first 
our. Rats weighing between 145 and 283 grams 
pbsorbed 50 per cent glucose at the same rate, 
while younger and lighter animals absorbed glu- 
ose more slowly. The decrease was by no means 
proportional to the body weight. A group of rats 
veraging 246 grams in weight absorbed 261 milli- 
rams of glucose while another group weighing 129 
rams absorbed 224 milligrams in one hour. It 
as found, in agreement with others, that glucose 
bsorption was slower after a 48 hour fast than 
fter a 24 hour fast. The depression due to fasting 
yas more pronounced in the male than in the 
emale. ‘ 

Studies on anesthetized rats whose stomachs 
ere ligated at the cardia and pylorus showed 
ttle or no gastric glucose absorption. 

Molecular length of fibrinogen and zein as de- 
uced from double refraction of flow. Joseru F. 
OSTER (by invitation), HerBerT SCHEINBERG 
by invitation) and Joun T. Epsauu. Dept. of 
Physical Chemistry, Harvard Medical School, 
Boston. The orientation of elongated molecules, 
then subjected to a velocity gradient, can be 
educed from the double refraction produced in 
¢ flowing solution. The velocity gradient re- 
uired to produce a given degree of orientation, 
Owever, varies almost as the reciprocal cube of 
€ molecular length. To study relatively short 
bolecules, a concentric cylinder apparatus has 
een constructed which permits the attainment of 
locity gradients up to 30,000 em}. 


Human fibrinogen,! prepared in this laboratory, 
has been studied in aqueous salt solution and in 
glycerol-water-salt mixtures. Earlier studies by 
Boehm and Signer, and Wéhlisch, demonstrated 
that fibrinogen shows flow birefringence, but did 
not permit calculation of molecular length. From 
our studies the length is deduced as 900 + 200A. 
This estimate is in harmony with data on the 
viscosity increment of fibrinogen in solution, 
which is higher than that of any other blood pro- 
tein, and with preliminary estimation of molec- 
ular weight. 

Zein is a much shorter molecule than fibrinogen 
and must be studied in solvents of high viscosity 
to achieve satisfactory orientation. Propylene 
glycol and propylene glycol-ethandl mixtures have 
been employed as solvents. In these solvents, zein 
shows well marked double refraction of flow. The 
molecular length, in one preparation which has 
been intensively studied, is deduced as approxi- 
mately 340 A. This tentative estimate is in good 
agreement with the value of 320 A, calculated by 
Neurath from sedimentation and _ diffusion. 
Another preparation made by a different method 
showed a somewhat greater molecular length. 

Pituitary control of blood insulin level. H. 
FRAENKEL-ConraAt and J. FRAENKEL-CONRAT (by 
invitation). (Formerly) Inst. of Experimental 
Biology, Univ. of California, Berkeley. It is well 
established that dietary factors which influence 
the rate of insulin secretion cause corresponding 
changes in the pancreatic insulin content. Yet, 
in the cases of two pituitary hormones, recently 
shown to control the rat’s pancreatic insulin (Am. 
J. Physiol. 135: 404, 1942), there were no indications 
of increased gland content being associated with 
increased secretion, and vice versa. Actually, the 
reverse relationship seemed probable for the 
growth hormone, which while decreasing pan- 
creatic insulin is generally believed to favor in- 
creased insulin secretion. 

To estimate the rate of insulin secretion, blood 
insulin determinations were performed, using 
Gellhorn’s method (Endocrinology 29: 137, 849, 
1941). The action of growth and lactogenic hor- 
mones on the blood insulin of hypophy- 
sectomized and normal rats was studied. While the 
observed changes were consistent, a greater num- 
ber of experiments would be needed for the demon- 
stration of statistical lgnificance, owing to the 
variability of blood sugar levels. Since this study 
had to be abandoned, it is here reported as a sug- 
gestion rather than an established finding. The 
results indicated that the rat’s blood insulin level 
was 1) raised after hypophysectomy, 2) raised 
rapidly (within one hour) by growth hormone, 


1 Prepared under contract recommended by the Committee 
on Medical Research between the Office of Scientific Research 
and Development and Harvard University. 
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and 3) lowered (more slowly) by lactogenic hor- 
mone administration. 

These findings suggest that growth hormone de- 
creases pancreatic insulin by releasing the latter 
hormone into the circulation, while lactogenic 
hormone increases the gland content by favoring 
insulin storage, rather than secretion. Such find- 
ings indicate the need for caution in interpreting 
the physiological significance of the hormonal con- 
tent of endocrine glands. 

Substances which decrease the solubility of al- 
bumin S in human cancer. Martin E. Hanke, 
Hersert Kaun (by invitation) and Rose 
FELSsHER (by invitation). Dept. of Biochemistry, 
Univ. of Chicago. Albumin § is defined as that 
fraction of the serum protein which remains dis- 
solved at 41.5 g. per cent (NH,).SO, at pH 6.8 in 
1 to 250 dilution of serum. It is the most soluble 
albumin of blood and constitutes about six per 
cent of the total albumin. In human cancer al- 
bumin § values are decreased to less than half 
(often to one-fifth of normal) even when the total 
albumin is normal or three-fourths of normal; 
this holds similarly in obstructive jaundice, and 
the last three months of pregnancy. 

Studies on the effect of the addition of chemical 
substances to serum in vitro have shown that bile 
acids (glycocholic taurocholic, and glyco-desoxy- 
cholic) markedly decrease the albumin S without 
corresponding effect on the total albumin; 0.15 mg. 
per ml. is appreciable, while at 5 mg. per ml., where 
the effect is maximal, the albumin § is decreased to 
one-tenth of its normal value. Fractionation of 
lipoid extracts of normal and cancer urines have 
shown in cancer urine 40 to 100 mg. per day of a 
neutral, non-saponifiable, benzene soluble mate- 
rial which is equally potent as bile salt in lowering 
albumin § levels; while normal urine contains only 
5 to 15 mg. of such material. It is believed that the 
presence of these substances in cancer sera de- 
termines the low albumin S values found in such 
sera. It is thought that these cancer substances 
may interfere with the nutritive and vehicular 
functions of albumins for normal tissues. 

Diet and blood thioneine. Roman HarKAway 
(by invitation) and Wituram M. Cantu. Dept. 
of Physiological Chemistry, Wayne Univ. College 
of Medicine, Detroit. In the rat, blood thioneine 
is exogenous and its level is influenced by diet ac- 
cording to Potter and Franke (J. Nutr. 9: 1, 1935). 
We have made an initial study on the influence of 
diet on blood thioneine in man. Determinations 
were made on the blood of a number of individuals, 
each of whom had for several days been consuming 
a particular type of diet. Thioneine was separated 
from uric acid by treatment of the blood filtrates 
with silver nitrate and acid lithium chloride solu- 
tions (Benedict and Behre, J. Biol. Chem. 92: 
161 1932) and the thioneine was estimated in the 
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precipitate by the method of Behre and Benedic 


(J. Biol. Chem. 82: 11, 1929). Thioneine used iy 
the standards was prepared from ergot. 

The experimental results follow: high protei 
diet, 4 individuals, 1.9-5.9 (3.8 av.) mg. thioneix 
per 100 cc. blood; low protein, 5 individual 
0.0-6.3 (4.9 av.) mg.; high purine, 5 individual 
1.5-5.9 (3.7 av.) mg.; low purine, 5 individual 
2.9-5.9 (4.3 av.) mg.; fasting, 5 individuals, 3.3-5 
(3.8 av.) mg. It is evident that the blood thioneix 
levels were subject to marked variations which 
under our experimental eonditions, could not bk 
correlated with the general type of diet. 

The experimental subjects were students who 
unsupervised, ate suggested diets primarily fy 
another purpose—a study of the influence of die 
on the composition of urine—in connection with 
laboratory course. A further study of this problem 
under carefully controlled dietary conditions ant 
if possible, with an improved analytical method 
remains to be carried out. 

X-ray diffraction of muscles II. G. C. Hen 
(by invitation), E. W. AsHKENAz! (by invitation 
and M. Sprecet-Apotr. Depts. of Physics a 
Colloid Chemistry, Temple Medical School, Phils 
delphia. Our former studies (Fed. Proc. 2), usin 
a similar material and apparatus, were extende( 
in different directions. Statistical evaluations 
the measurements on moist and dried muscle 
ascertain the identity of most correspondin 
spacings and give evidence of only a small amour 
of intramolecularly bound water along the long 
tudinal axis. Resoaking of dried muscle is cond 
cive to a complete reversal of the change produce 
by drying for 24 hours at room temperature in 
desiccator. The x-ray diffraction pattern of sue 
a resoaked muscle is identical with the one give 
by a living moist muscle. 

Effects of single shock electric stimulation, col 
sisting in disappearance of orientation of tl 
x-ray diffraction pattern, become manifest onl 
in a muscle which shortens markedly. Su 
changes are agsent in muscles contracting eithé 
isotonically or isometrically. 

Of the different agents known to produce rig 
in muscles, (heat, chloroform, death) heat alot 
produces characteristic changes of the x-1 
diffraction pattern. Thesé~changes consist in 
sharpening of the outside ring and in the appet 
ance of a new ring corresponding to a spacing ¢ 
22 A 

KCl, when used in concentrations at whit 
NaCl apparently does not affect the x-ray diffra 
tion pattern of muscle, produces characterist 
changes in the latter. The orientation disappe# 
to a great extent and a number of salt rings appe# 
which can be identified with the diffraction p# 


1 Kathryn McHale Fellow, AAUW. 
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orn of KCl. In conformity with other experiences 
hese findings are explained by an increase of 
membrane permeability caused by the specific 
fects of potassium ions. 

Adsorption of phosphates by bone, dentin and 
namel after prolonged exposure to phosphate solu- 
ions as shown by the radioactive isotope. E. 
UNNAR JOHANSSON (by invitation) and HaroLp 
ARPENTER HopcGe. Dept. of Biochemistry and 
Pharmacology, School of Medicine and Dentistry, 
Iniv. of Rochester, Rochester, N. Y . Previous studies 
f the adsorption of various substances using radio- 
ctive isotopes as tracers have shown that after 
hort periods of exposure to solutions bone adsorbs 
more than dentin which in turn adsorbs more than 
namel. This order has been found for phosphates 
t 200°C and at 40°C, for fluorides, sodium and 
trontium at 40°C. It is believed that this order 
flects a variation in some fundamental property 
of the tissues and at first it was attributed to the 
eported variation in particle size. The particles 
pf bone are calculated to be about 10-cm., those 
nenamel about 10~‘cm. and those in dentin inter- 
nediate in size. Different limitations of penetra- 
ion by the respective densities could also account 
or the order found. 

Using phosphate solutions containing radio- 
ctive phosphorus as a tracer, long exposures (up 
0 64 hours) of powdered bone, dentin and enamel 
produce marked increase in the total phosphate 
bsorbed by each tissue and, by the 64th hour, a 
eversal in the order of the amounts adsorbed so 
hat enamel > dentine > bone. If diffusion is the 
ontrolling property, such a reversal would not 
be predicted. Particle size appears to be ruled out 
s an explanation. The reason for the order of 
mounts adsorbed after prolonged exposure is 


Amino acid metabolism in diabetes mellitus. 
ALFRED E. KoEHLER, Evsie HI.t (by invitation) 
nd ELLEN BuTreNWIESER (by invitation). 
bansum Clinic and Santa Barbara Cottage Hos- 
ital, Santa Barbara, Calif. Repetition of our 
tudies of glycine and alanine metabolism in dia- 
etes (Fed. Proc. 2: No. 1, 64, 1943) using casein 
ydrolysate plus 1 per cent tryptophane give 
imilar results. Thirty g. of the amino acids were 
jected at constant rate intravenously for 2 hours 
10 normal subjects and in 8 with uncontrolled 
iabetes. The blood amino acid levels and extra 
tea as well as the urinary excretions were es- 
entially the same in the 2 groups. 
There was, however, a quicker and a greater in- 
rease in extra ketones in the blood and urine in 
e diabetic group. 
‘The blood sugar rise and, in the case of the 
abetic group, the extra urine sugar after amino 
ld injection was similar to that after the injec- 
on of 20 g. of glucose. This indicates that if the 
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extra sugar comes from the injected acids, the 
conversion was so rapid that it did not alter the 
time relationships. 

The blood sugar rise after the animo acid in- 
jections equalled in the normal group 52 per cent 
and in the diabetic group 86 per cent of the rise 
after 20 g. of glucose. On this basis the normal 
person converts 35 per cent and the diabetic sub- 
ject 57 per cent of the injected amino acid to 
glucose. The latter figure is in close agreement with 
the usually accepted figures of 55 to 62 per cent 
conversion of protein. 

It appears that in diabetes sugar and ketones are 
formed more readily from amino acids than in 
normal subjects. 

Alcohol and acetic acid metabolism in diabetes 
mellitus. ALFRED E. KorHier, Exvsie Hitt (by 
invitation) and ELLEN BuTTENWIESER (by invita- 
tion). Sansum Clinic and Santa Barbara Cottage 
Hospital, Santa Barbara, Calif. The injection of 
30 g. of ethyl alcohol intravenously at constant 
rate for 2 hours in 7 diabetic subjects resulted in 
blood alcohol levels and urine excretion that dif- 
fered little when this same group was completely 
controlled with insulin, nor were the values sig- 
nificantly different from a group of 4 normal 
subjects. 

The blood and urine extra ketones during and 
after alcohol injections were not appreciably or 
consistently altered in the diabetic group. 

Alcohol caused no increase in blood or urine 
sugar in either the diabetic or normal subjects. 

Blood and urine acetic acid was but little ele- 
vated after alcohol injection even though the 
alcohol was rapidly utilized. This at first seemed 
to indicate that alcohol oxidation did not go 
through the acetic acid stage. However, the injec- 
tion of 30 g. of acetic acid ? neutralized under the 
same conditions showed it to be oxidized with such 
great rapidity in both diabetic and normal subjects 
that no appreciable rise after alcohol could be 
expected. 

Ketone formation from acetic acid in the normal 
subject was not appreciable. In the diabetic sub- 
ject with mild ketosis, more ketones were formed, 
but even here the extra ketones accounted for less 
than 4 per cent of the acetic acid injected. The 
indications are that acetic acid can be oxidized 
without ketone formation but possibly also under 
certain metabolic conditions, as in diabetes, ke- 
tones can be formed. This suggests that ketosis 
may not only be the result of excessive fat break- 
down but of abnormal fatty acid oxidation. 

Studies of urinary calcium excretion I. In normal 
persons. ExvizaBetu L. Knapp (by invitation) and 
GENEVIEVE Srearns. Dept. of Pediatrics, State 
Univ. of Iowa, Iowa City. 606 studies of urinary 
calcium excretion in healthy persons 1 to 80 years 
old have been analyzed statistically. The data 
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were obtained from this laboratory (370 studies) 
and from the literature. The data include only 
studies of normal persons whose diets were of 
customary mixed composition, and wherein milk 
was used as the chief source of calcium. 

Calcium intake and weight of the person are im- 
portant in determining the quantity of urinary 
calcium. The major factor is endogenous, probably 
due to endocrine balance which aids in deter- 
mining the percentage of intake excreted in urine. 
The relationships of the various factors may be 
expressed as an exponential equation. Given the 
daily calcium intake, urinary calcium and the 
weight of the person, the formulas for normal 
maximum (M), mean (¥) and minimum (m) 
urine Ca 
Ca intake 
take per kilogram body weight. 


are as follows. I represents calcium in- 


= 365 [-%1 
158.9 I-82 
m 34.1 [35 


These formulas hold for all ages, 1 to 80 years. 
Each person tends to maintain his position rela- 
tive to the mean at all levels of intake studied and 
over a period of at least several years. It is prob- 
able that the relative position is somewhat altered 
by puberty. 

Examination of 880 studies of urinary calcium 
in infancy shows that urinary calcium excretion 
of infants follows the same laws. The values ob- 
served lie within the range normal for older sub- 
jects, but the mean value is somewhat lower in 
infancy. 

Studies of urinary calcium excretion. II. In 
endocrine disturbances. EvizaABetTH L. Knapp (by 
invitation) and GENEVIEVE STEARNS. Dept. of 
Pediatrics, State Univ. of Iowa, Iowa City. The 
urinary calcium excretion (Cay) of persons with 
increased or decreased activity of certain endo- 
crine glands has been compared with that of nor- 
mal persons (Knapp, E, L., and Stearns, G., pre- 
ceding abstract). The data analyzed were from 
this laboratory and the literature. 

In hyperparathyroidism, Ca, is above the nor- 
mal maximum at all levels of intake. After re- 
moval of the tumor, the Ca, decreases to values 
below the normal mean; some values reported are 
below the normal minimum. 

In hypoparathyroidism, Ca,, is below the normal 
minimum and increases to within normal range 
with increase in serum calcium. 

In hyperthyroidism, Ca,, is similar to that ob- 
served in hyperparathyroidism; the increase may 
be even more marked. With therapy, the values 
become normal, rarely as low as during recovery 
from hyperparathyroidism. 

In myxedema, Cay lies within the normal range, 


. 
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though below the normal mean. With therap 
Cay is increased to above the normal maximu 


These findings differ from the customary concep 


During pregnancy, Ca, tends to increase to 


maximum which occurs after the 20th and usual 


after the 30th week. Few values rise above ti 
normal range, but the mean is higher than th 
normal mean. In early lactation, Ca, is below th 
normal mean, but within the normal range. 

A 2 year old girl with precocious puberty shows 
a Cay above the normal maximum and a high tite 
of estrogen in urine. After removal of one ova 
urinary estrogen decreased and Cay _becam 
normal. , 

Iodination of thyroglobulin under conditic 
compatible with life. J. F. McCLenpon and W 
C. Foster (by invitation). Hahnemann Medio 
College, Philadelphia. Two and seven-tenths gral 
of human thyroglobulin from a goiter (containil 
0.06 per cent of thyroxine-iodine and 0.18 per cet 
of total iodine) was dissolved in a physiologic 
salt solution of 10 g. of NaCl and 5 g. of NaH( 
in 2 liters of water. To this was added 0.27 g.' 
iodine crystals and the suspension was stirred in 
thermostat at 38°C. for 20 hours. The thyroglo 
ulin was precipitated by heat, washed with wate 
and dried. It was found to contain 0.342 per cet 
of thyroxine-iodine and 3.56 per cent of tot 
iodine, increases of 570 per cent and 1975 per cel 
respectively. These are higher values than we ha 
ever found in natural thyroglobulin. The iodil 
was determined by the McClendon-Bratt 
method (J. Biol. Chem. 123: 699, 1938) and th 
thyroxine precipitated by a modified Haringtot 
Randall method (J. Biol. Chem. 110: 680, 193 
Since tadpoles metamorphose after having iodil 
crystals implanted in their bodies, we consid 
the conditions of iodination of the thyroglobull 
compatible with life. 

Protein-bound iodine in the blood corpuscles 
plasma. J. F. McCLenpon and Ws. C. Foster ( 
invitation). Research Lab. of Physiology, Hah 
mann Medical College, Philadelphia. All the iodil 
determinations were made by the method 
McClendon and Bratton (J. Biol. Chem., 12 
699, 1938). Comparison was made of three metho 
of separating the proteins: 1, by dialysis, 2, ! 
zine hydroxide (Somogyi) and 3, by the methan 
acetone method of McClendon and Foster (Pr 
Soc. Exp. Biol. Med., 39: 230, 1938). The results 
micrograms of iodine per 100 cc. were as follot 
Dog A, (dialysis) plasma 5.4, corpuscles 4 
(Somogyi) plasma 5.4, corpuscles 5.6, (McClend 
Foster) plasma 4.2, corpuscles 5.0. Since there ' 
no essential difference in the results by the th 
methods and this point was confirmed by ma 
determinations on whole blood, the remainder 
the partitions were made by the McClendé 
Foster method as follows: Dog B, plasma 4 
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rpuscles 5.5; cat serum 7.6, corpuscles 7.2; cow 
ama 6.8, corpuscles 6.4; man A, plasma 4.2, 
rpuscles 5.2; man B, plasma 5.0, corpuscles 4.9. 
he average value of protein-bound iodine for 
asma is 5.4 and for corpuscles is 5.5. 
WConclusions: There is no great difference be- 
een the protein-bound iodine content of the 
rpuscles and plasma (or serum). Whether 
dinated protein exists inside the corpuscle or is 
erely attached to the outside is unknown. The 
ethanol-acetone method of McClendon and 
pster for precipitating the protein does not re- 
ove the iodine from the protein. 
Quinine and vitamin B-complex deficiency. 
ILDRED McEwen and GranviL C. Kyker (in- 
oduced by James C. Andrews). Dept. of Biologi- 
| Chemistry and Nutrition, School of Medicine, 
niv. of North Carolina, Chapel Hill. The in- 
bstigation reported herein under similar title 
st year was continued by a different procedure. 
e rat remained the experimental animal. The 
bse was increased from twenty to eighty milli- 
ams of quinine per kilogram body weight and 
2s administered subcutaneously rather than 
ally. Doses were weekly rather than daily and 
ch was followed by twenty-four hour urine col- 
tion and determination of quinine. Quinme 
tate instead of the hydrochloride was used to 
ovide less tendency for ulceration subsequent to 
hd at the site of injection. Some animals became 
cerated with the lactate. Repeated comparisons 
rified the advantages of an improvised metab- 
sm cag? with glass funnel over the standard 
etal cage. 
Rats, thirty-five days of age, gave an increased 
cretion of the dose as the animals progressed 
om a normal state to a severe B-complex 
yitaminosis, the last excretion being approxi- 
ately fifty per cent greater than the first. The 
cretion decreased irregularly after restoration 
an adequate diet. Thirty-four normal rats ex- 
eted 10.34 per cent (-t 2.07, probable error) of the 
bse in twenty-four hours. Rats, fifty-seven days 
, gave a response similar to those of thirty-five 
ys but the deficiency developed less rapidly 
hd differences in excretion were less pronounced. 
other series of older rats gave more dubious 
sults, with controls. 
The increase in quinine excretion with B-com- 
ex deficiency following subcutaneous adminis- 
ation is compared with'a previously reported 
crease following oral administration of quinine. 
ork is now in progress on intestinal absorption of 
linine in the rat during B-complex deficiency. 
thr by a grant from the Samuel S. Fels 
nd.] 
The excretion of ‘‘F,”’ and its supposed relation 
niacin intake and metabolism. OLar MIcKELSEN 
htroduced by Ancel Keys). Lab. of Physio- 


logical Hygiene, Univ. of Minnesota, Minneapolis. 
Najjar and co-workers (J. Clin. Invest. 21: 263. 
1942) reported that the excretion of a urinary con- 
stituent, F,, was markedly decreased in niacin 
deficiency. Huff and Perlzweig (J. Biol. Chem. 
150: 483, 1943) identified this substance as N’- 
Methylnicotinamide and described a modified 
procedure for its identification. We have used both 
the original and the modified method in a study 
of the excretion of F: in the 24 hour urine of young 
men on known and fixed diets. One group received 
a total daily intake of 10 mg. of niacin while 
another received 20 mg. Over a period of 53 months 
there was no significant difference in the excretion 
of F, by these 2 groups. Furthermore there was no 
difference in the response of F, excretion of these 2 
groups to a test dose of 10 mg. of niacin. During a 
final period of 30 days when 4 of the subjects re- 
ceived only 0.25 mg. of niacin daily and 4 others 
received 10.2 mg. of niacin there was no difference 
in the average daily excretion of F,. Again the re- 
sponses of the two groups to test doses of 10 mg. 
of niacin were the same. Some of the boys on the 
low niacin intake showed the same relative in- 
crease in F, excretion following the test dose as 
those who had been on the higher intake. [7'his 
work was supported in part under the terms of a 
contract (No. OEMcmr-27) between the Regents 
of the Univ. of Minnesota and the Office of Scientific 
Research and Development. Support from other 
sources will be acknowledged in final publication.| 

Storage of vitamin A in the livers of dogs fed beta- 
carotene or vitamin A. AGNes Fay Morcan and 
Linuian 8S. BENTLEY (by invitation). Lab. of 
Home Economics, Univ. of California, Berkeley. 
Since the urinary excretion of vitamin A by dogs 
was found to be influenced by the amount and 
dietary source of the vitamin, as well as by the age 
of the dog, it was concluded that massive liver 
deposits were probably necessary for such excre- 
tion. Fourteen young dogs which had been de- 
pleted of vitamin A were fed known amounts of 
vitamin A as fish liver oil or as beta-carotene. All 
of these dogs were reared on purified diets con- 
taining unheated or heated casein, the latter being 
used to induce fatty liver. Four of the dogs fed 
the heated diet developed fatty livers, and one fed 
the unheated diet and large amounts of carotene 
had a cirrhotic liver. 

One series of eight dogs ingested 31,000 to 65,000 
I.U. of vitamin A or carotene in 28 to 68 days, and 
another group of six dogs, 1 million to 14 millions 
I.U. in 185 days. In no case was more than 6 per 
cent of the beta-carotene intake found deposited 
in the liver and kidney as vitamin A, but 18 to 56 
per cent of the equivalent vitamin A ingested was 
found in these organs. The animals fed heated 
diet utilized the carotene and vitamin A as well 
as those on the unheated, and there was some in- 
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dication of increased vitamin A deposition in the 
fatty livers. Only the dogs found to have massive 
liver deposits of vitamin A had excreted the 
vitamin in the urine. [Aided by a grant from Swift 
& Co.) 

Effect of heparin on the thrombopenia of anaphy- 
lactic and peptone shock. Roserr K. Ora (by 
invitation), Ivan D. Baronorsky (by invitation), 
and ARMAND J. Quick. Depi. of Pharmacology, 
Marquette Univ. School of Medicine, Milwaukee. 
In anaphylactic and in peptone shock heparin is 
liberated into the blood stream, histamine is 
released, and a marked drop of platelets occurs. 
In order to test whether heparin serves as a pro- 
tection against anaphylactic shock, particularly 
against the decrease in platelets, rabbits sensi- 
tized to horse serum were given as high as 1000 
units (10 mg. of Roche-Organon heparin) per 
kilo of body weight 10 to 60 minutes before the 
shocking dose was administered. The fall in plate- 
lets was not prevented: in both the heparinized 
and in the control animals, the drop from an aver- 
age normal of 500,000 to 75,000 occurred in 5 min- 
utes. Similar results were obtained using guinea 
pigs. 

Heparin in large doses (500 units per kilo of body 
weight) did not protect dogs against peptone 
shock. A marked drop in platelets as well as the 
usual signs of shock appeared promptly after the 
injection of peptone. No correlation between 
the severity of the shock and the magnitude of 
the platelet decrease was noted. In rabbits the 
thrombopenia was in several instances the only 
manifestation of shock. Histamine injected intra- 
venously produced no decrease in platelets. 
Splenectomized dogs were as susceptible to pep- 
tone shock as were normal animals. 

There appears to be no obvious correlation be- 
tween the decrease of platelets, and the production 
or release of heparin and histamine. Heparin does 
not appear to serve as a defense against shock. 

The relation of phospholipid turnover to renal 
damage in the choline-deficient rat. JEAN M. 
PATTERSON (by invitation) and E. W. McHenry. 
School of Hygiene, Univ. of Toronto. Previous work 
from this laboratory indicated that renal damage, 
produced in young rats by a dietary deficiency of 
choline, was preceded by a decrease concentration 
of phospholipids in both liver and kidneys. This 
observation indicated that renal damage might 
be due to a lack of phospholipids needed for the 
development of the growing kidney. 

This hypothesis has been further investigated 
with the aid of radioactive phosphorus (P%?). As 
previously found, the concentration of phospho- 
lipids in the kidneys and liver was markedly 
influenced by choline deficiency; in this experi- 
ment the average concentration was: (a) with 
choline, 2597 mg. and 2472 mg. per 100 grams kid- 


FEDERATION PROCEEDINGS 


ney and liver respectively; (b) without cholin 
1358 mg. and 2135 mg. per cent. The percentaggii 
of the administered ag om recovered pa 


6.09 and 8.25. The organ weights} in . the two groumms 
were different and, if the recovery of radioactiy 
phosphorus is calculated per 100 grams of tissw 
the percentages are (a) 20.6 and 31.4 (b) 8 
and 17.5. 

These results have been confirmed in two e 
periments with forty animals; they indicate 
greater turnover of phospholipid in the kidney 
and liver of animals given choline. A similar i 
vestigation in older rats, in which kidney damag 
can be produced with difficulty by choline « 
ficiency, indicates that phospholipid turnover 
much less rapid; the consequent diminished neg 
for choline explains the difficulty of producin 
kidney lesions. 

The excretion of thiamin, riboflavin and nicotin 
acid by fasting men. WILLIAM A. PERLZWEIG, Jus: 
W. Horr (by invitation) and Irma Gur (by invit]’ 
tion). With the technical assistance of Evelyn Volk 
ringer. Dept. of Biochemistry, Duke Univ. Sch 
of Medicine, Durham. The average daily urina 
excretion of total nitrogen and of the 3 vitamins} 
13 normal young men during a four day fast was a, 
follows: 





T.N. 
(gm.) 





12.4 


Normal diet............. 
| 9.6 


12.0 
10.7 
10.3 


2nd fast day 
3rd fast day 
4th fast day 














The thiamin and riboflavin were estimated fluon 
metrically. The nicotinic acid values include th 
acid hydrolyzable nicotinic acid and N-meth 
nicotinamide determined fluorometrically. 

These data confirm our previous observatiol 
in fasting dogs (J. Nutr. 24: 295, 1943) in regard! 
riboflavin and nicotinic acid. It is apparent t 
in starvation these 2 vitamins are liberated fr 
the tissues which contribute the urinary nitroge 
The magnitude of the riboflavin excretion sugges 
the probability of the liver being the chief sourt 
The sharply diminishing excretion of thiaul 
probably reflects the much smaller concentrati 
of this vitamin in the liver, and may explain 
earlier susceptibility of man to depletion of B, 
compared with the other B vitamins. [Aided! 
grants from The Nutrition Foundation, Inc., 
John and Mary R. Markle Foundation and ! 
Duke Univ. Research Council.] 

The oxidation potentials of cystine-cysteine 
related systems. Lionet R. RYKLAN (by invi 
tion) and Cart L. A. Scumrpr. Division of Bi 














mistry, Univ. of California, Berkeley. Deter- 
inations of the apparent oxidation potentials, 
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_ pa’ under conditions of reversibility and equi- 

2.8 (rium, have been carried out on a number of 

grougmsulfide-sulfhydryl systems. The potentiometric 

activmtration method was employed and applied to all 

tissu@stems studied. A solution of iodine containing 

b) §Mtassium iodide or a potassium permanganate 
lution was employed as oxidizing agent. In the 

NO else of cystine-cysteine the potentials of mixtures 

sate HF the 2 components were also measured. Iodide 

idneyins facilitate this equilibrium. 

lar im™For the systems under consideration and under 

amagme experimental conditions, the following elec- 

ne d@fode reaction was postulated: 

pee RSSR + 2 H+ + 2e 22 RSH 

luciff, order to facilitate the calculation of E® from 
be potentiometric titration data the following 

— proximate equation was used: 

Jusi 

nvital (kssr—rsu)Pt = En + 0.059 pH — 0.059 log 

Voll oh 

Sch i ee ap 0.059 + 0.0295 log 2 m 


rina 
ins b 
WAS! 





here E, is the observed E.M.F. corrected to the 
rdrogen electrode, x is the percentage oxidation, 
dm is the initial concentration of the reductant. 
The following values for E° at 25° were ob- 
ined: thiophenol, 0.11; thioglycollic acid, 0.27; 
Bsteine, 0.27; o-thiocresol, 0.30; monothiolethy]- 
he glycol, 0.35; thiolhistidine, 0.32; ergothioneine, 
36; glutathione, 0.45 volt. The corresponding 
juilibrium constants, are: 5.4 X 10%, 1.4 X 10°, 
4X 10°, 1.5 X 101°, 7.3 K 10", 7.0 K 101°, 1.6 X 
and 1.8 X 10%. The values for —A F°29.; 
pressed in calories are: 5100, 12400, 12400, 13800, 
100, 14800, 16600, and 20800. 

Studies on adenine-thiomethylpentoside. F. 
HLENK and W. D. GrinericH (by invitation). 
Iniv. of Texas; M.D. Anderson Hospital for Can- 
r Research, Houston; and Dept. of Bacteriology, 
edical School, Galveston. An improved method 
risolation of adenine-thiomethylpentoside from 
bast has been elaborated. It consists in extraction 
ith boiling water, repeated alcohol precipita- 
ons, phenol extraction, and crystallization. The 
eld is 10 to 25 mg. per cent. 

The biological function of this nucleoside is as 
tt obscure. Besides attempts to identify it with 
htious growth factors, experiments have been 
ade to establish its possible role in transmethyla- 
on (cf. Lipmann, F., Advances in Enzymology, 1: 
, 1941) either as a methyl! donator or in catalytic 
neentration as a methyl vehicle. 

Experiments with rat liver slices were carried 
it. In the reaction methionine + glycocyamine — 
tatine + homocysteine (Borsook, H., and Dub- 
bf, J. W., J. Biol. Chem., 132: 539, 1940) no sig- 
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nificant effect resulted from the addition of ade- 
nine-thiomethylpentoside. Similarly negative 
results were obtained in nutritional experiments 
with certain bacteria. Adenine-thiomethylpento- 
side + homocysteine + choline failed to substitute 
for the methionine requirement of Photobacterium 
phosphoreum. The same combination failed to 
replace methionine for Lactobacillus casei ¢ and 
Lactobacillus arabinosus in a medium containing 
amino acids and vitamins. Adenine-thiomethyl- 
pentoside can, however, satisfy the purine require~ 
ment of the latter two organisms. 

Physicochemistry of urea-treated proteins II. 
Mona Sprecet-Apo tr. Dept. of Colloid Chemistry, 
Temple Univ. School of Medicine, Philadelphia. 
Former studies (Fed. Proc. 2, 1943) on urea-treated 
proteins were extended in different directions. 

In a first series of experiments the effect of urea 
upon gelatin was tested as to the latter’s protect- 
ing power for colloid gold. It could be shown that 
treatment with urea reduces the protective power 
of gelatin by approximately 50 per cent. The swell- 
ing of urea-treated gelatin is markedly decreased. 

Analogous studies were made with electrolyte- 
free pseudoglobulin treated with urea, with and 
without boiling. Urea treatment of pseudoglobulin 
decreases the gold sol protecting power of the pro- 
tein while additional boiling apparently does not 
affect the extent of these changes. 

Urea was finally used in irradiation experiments 
on proteins with ultra-violet light. No formation 
of gold sol precipitating substances in irradiated 
gelatin (Bioch. J. 28: 1201, 1934) could be detected, 
although urea, even after irradiation does not 
show any absorption within ultraviolet light range. 
Diluted pseudoglobulin solutions irradiated in the 
presence of urea show spectrographically a marked 
increase in density (last transmitted line 295 mz 
against 240 mu of the non-irradiated specimen). 
But contrary to the behaviour of pure pseudo- 
globulin (Bioch. J. 28: 372, 1934) no gold sol pre- 
cipitating substances appear, tentatively identi- 
fied as decarboxylated amino acids. The increased 
light density of the irradiated material (Haus- 
mann and Spiegel-Adolf) or a protective effect of 
urea for colloid gold analogous to one found 
against histamine precipitation may be account- 
able. The spectrographical changes observed, 
similar to changes described by Krumpel and 
Spiegel-Adolf, seem to preclude an interference of 
urea with the mechanism of light-denaturation in 
proteins. 

The effect of parathyroid extract upon the dis- 
tribution and excretion of labeled strontium. WiL- 
BuR R. Tweepy. Dept. of Biological Chemistry, 
Loyola Univ. School of Medicine, Chicago. One 
hundred (Collip) units of parathyroid extract 
(Lilly) were administered subcutaneously to each 
of 6 young adult rats. One hour later a solution of 
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2 mgm. of SrCl., containing 2 to 3ue of radiostron- 
tium, was administered, intraperitoneally, to each 
of these animals and to an equal number of their 
littermates. Each of 6 other young adult rats was 
injected with 100 units of parathyroid extract and 
24 hours later these animals and an equal number 
of controls received the same treatment as the first 
group. The animals were sacrificed 24 or 48 hours 
after the last injection. 

The average amounts of radiostrontium found in 
the tissues and excreta of the animals which re- 
ceived 100 units of parathyroid extract agreed 
closely with the values found for the controls. 

The amounts of radiostrontium recovered from 
the femurs of the animals which received 200 units 
of parathyroid extract did not differ significantly 
from the controls. However, twice as much radio- 
strontium was found in the gastrointestinal tracts 


(and contents) of these animals as in their eo 
trols, while less radiostrontium was recover 
from the urine or feces of the former than from th 
urine or feces of the latter. The kidneys of tl 
experimental animals contained approximate 
thirty times as much radiostrontium as the ki 
neys of the controls. 

A marked accumulation of radiostrontium in th 
kidneys of rats has been produced by injecting 
buffered phosphate solution (pH 6.8) followed} 
the injection of labeled strontium chloride. [Aid 
by the Ella Sachs Plotz Foundation and by a giji 
parathyroid extract from Eli Lilly and Compan 
The author is also indebted to Prof. E.O. Lawren 
and Dr. Joseph G. Hamilton of the Radiation Lab 
ratory, Univ. of California, for supplying the radi 
strontium.| 
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Abstracts of papers received from the Secretary of the Society. Since there will be no meet- 
ing in 1944 these papers are to be regarded as “‘read by title’. For possible corrections in 


any of these abstracts see the next issue. 


Choline esterase activity of normal and pre- 
eclamptic human placentas. B. E. Apreu and R. A. 
Woopsury. Dept. of Pharmacology, Univ. of 
Georgia School of Medicine, Augusta. Within 30 
minutes of delivery normal and pre-eclamptic pla- 
centas were perfused with 3-5 liters of Ringer- 
Locke’s solution by way of one or both of the 
umbilical arteries. When examination of the placen- 
tas indicated that most of the blood had been re- 
moved, bloodless portions were selected, weighed 
and placed in sufficient Ringer-Locke’s solution to 
make a 10% suspension. The material was then 
finely minced in a Waring Blender and 1 ml. sam- 
ples of the suspension were taken for analysis. 
Torda’s modification (Proc. Soc. Exp. Biol. & 
Med. 31: 398, 1942) of Glick’s method for the deter- 
mination of choline esterase activity was em- 
ployed. 

Samples of placentas were taken for water deter- 
minations and choline esterase activity calculated 
on the basis of dry weight. At least 3 and some- 
times 6 determinations were made on 8 normal and 
13 pre-eclamptic placentas. Choline esterase ac- 
tivity expressed as micrograms acetylcholine chlo- 
ride hydrolyzed per mg. dried placenta per second 
were for normals 6.0 + S.E. of 0.15 and for pre- 
eclamptics 9.4 + S.E. of 0.19. Statistical evalua- 
tion by the “‘t’”’ method indicates that pre-eclamp- 


tic placentas have a significantly greater cholil 
esterase activity than those of normals (t = 44 

These data and observations that neostigmi 
lower arterial pressure of some pre-eclamptic p 
tients (see Woodbury, Abreu, Torpin and Frie 
these abstracts) stress the importance of acetj 
choline in eclampsia. [This work was aided by 
grant from Eli Lilly and Co.] 

Comparative effectiveness of 4,4’-diamidino st 
bene and other agents in experimental leishmati 
sis. Hamrttron H. ANpEeRson and H. Y. Soow 
Dept. of Pharmacology, Peiping Union Medi 
College, Peking, China. Adler and Tchernomoré 
(Ann. Trop. Med. Parasit. 33: 313, 1939) report 
4,4’-diamidino stilbene (Stilbamidine) acti 
against experimental Indian kala-azar in Syri 
hamsters. Subsequently (Ann. Trop. Med. Pa 
sit., 35: 9, 1941) they extended their observatio 
and found L. infantum infections more resistal 
Following a previously outlined procedure (Am. 
Trop. Med. 21: 461, 1941) we gave doses of 
mgm/kgm. (1/10 of L Dy) of 4,4’-diamidino sé 
bene subcutaneously 3 times weekly for 5 weeks 
30 Chinese hamsters (Cricetulus griseus) infect 
with a local strain of ZL. donovani. Of 26 survivol 
23 were infected on completion of therapy and 
were not. 
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Six other agents were studied; 1/10 the L Dw 
ose Was given 15 times in 5 weeks. Each drug was 
employed in 15 hamsters. The ratio of treated ani- 


mals exhibiting no Leishman-Donovan bodies in 


splenic material to a number of survivors of 
therapy was: Sodium antimony thioglycolate, 
7/15; m-nitrobenzoic acid, 6/15; lithium antimony 
thiomalate (Anthiomaline), 5/15; 3-carboxy-s-di- 
phenyl-carbamido-4’-stilbonic acid, 5/15; sodium 
antimony catechol thioglycolate, 4/15; and 4,4’- 
diamino diphenylsulfone dextrose sulfonate (Pro- 
min), 0/14. 

Drugs of known clinical value examined by this 
procedure gave the following results: Ureastib- 
amine, 24 survivors of 30 treated animals exhibited 
no Leishman-Donovan bodies in splenic material 
but sub-inoculations into clean hamsters revealed 
that half of the survivors were infected. Neostib- 
osan, 23 survivors of 30 treated hamsters showed 
no infection but sub-inoculations indicated that 
13 animals were still infected. All except 1 of an 
untreated group of 30 hamsters remained infected 
throughout the period of observation. 

Antibacterial properties of a sulfanilamide oxida- 
tion product. Georc Barkan. Evans Memorial, 
Mass. Memorial Hospitals and Biochemistry Dept., 
Boston Univ. School of Medicine. It has been re- 
ported previously, before this society that nascent 
hydrogen peroxide as formed on autoxidation of 
hydrazine solutions, in presence of cupric ions, 
oxidizes sulfanilamide to a blue-violet derivative. 
The assumption that on this oxidation the sulfon- 
amide group is lost has previously been theoreti- 
cally derived. It is nob, analytically proven, with 
the oxidation product isolated and purified. On the 
basis of elementary analysis and molecular weight 
determinations a tentative chemical structure of 
the derivative is offered. The purified material 
showed, alone and in presence of serum, a high 
antibacterial (bacteriostatic) action in vitro 
against streptococcus hemolyticus, staphylococ- 
cus aureus and Type I pneumococcus. 

Further studies on the phase-boundary potential 
of acetylcholine. T. Cuntirre Barnes and R. 
Beutner. Depts. of Physiology and Pharmacology, 
Hahnemann Medical College, Philadelphia. The 
effects of temperature on the negative electrical 


m Potential of acetylcholine at an oil-saline bound- 


ary are variable and complex. Between 30°C. and 
50°C. the potential fell (sample experiment: 0.05 
per cent acetylcholine produced 47 mv. on cresol 
at 34°C. and 32 mv. at 42°C.). Between 25°C. and 
10°C. the potential dropped with the teinperature 
42 mv. at 23°C., 37 mv. at 15°C.). Below 10°C. the 
potential again rose (44 mv. at 3.8°C.). At high 
temperatures the oil dissolves in the saline; at low 
temperatures there is probably a sharper phase 
boundary. The results may explain the reduction 
of the spike potential in nerve at high tempera- 


65 


ture, also the greater electrical activity of the 
cooled spinal cord. 

At constant temperature the form of the potential 
rise after adding acetylcholine depends on the oil 
used. The potential rises sharply on nitrobenzene 
resembling a spike; on cresol the potential rises 
more slowly resembling the action current in slow 
nerves. The choline curve resembles the negative 
after potential Toluidine is inactive with acetyl- 
choline and with epinephrine but triacetin gives a 
potential with epinephrine but not with acetyl- 
choline (model of adrenergic nerve). 

The blocking action of atropine may be ex- 
plained by its reversal of an oil emulsion (shown by 
Bayer and Wense). The above model of the action 
current in nerve is supported by the demonstra- 
tion of acetylcholine in sensory nerves by Lissak 
and Pasztor. Nachmannsohn’s work on cholines- 
terase does not prove presence of acetylcholine nor 
explain origin of potential. 

Chronic toxicity of an alkyl ether or cellulose 
methyl! cellulose. RoperT BAvER (by invitation), 
ARNOLD J. LEHMAN and FREDERICK F. YONKMAN. 
Wayne Univ. College of Medicine, Detroit, Mich. 
Methyl cellulose is a water soluble derivative of 
cellulose synthesized in the cold by the interaction 
of methyl chloride and an alkaline solution of cel- 
lulose. Purified methy! cellulose produces a clear 
colloidal jell when combined with water. It was by 
the use of this jell that the experimental diets de- 
scribed below were mixed, dried and ground. For 
chronic studies four groups of five white rats were 
employed, three groups of females and one of 
males. These animals weighed between 45 and 50 
grams each at weaning. Male rats were included 
for the purpose of studying reproduction and 
effects of methyl cellulose on the second genera- 
tion under similar experimental conditions. One 
group of females served as the control and had free 
access to Steenbach’s whole artificial diet, and the 
remaining groups were placed on this basic diet in 
which 1.66 per cent (Dow Chemical Company), 
1.66 per cent (Hercules Powder Company) and 5 
per cent (Hercules) methyl] cellulose had replaced 
carbohydrate. Each rat, then, in respective groups 
consumed per day of these experimental diets 0.17, 
0.17 and 6.2 grams/kgm. of methyl cellulose. The 
experiment lasted for one hundred and eighty-four 
days. 

Growth and food intake curves showed that the 
experimental groups as compared to the controls 
gained weight more rapidly, attained greater aver- 
age weight at the conclusion of the experiment, 
and consumed more food per day. Gross examina- 
tion of the feces of rats on the methy!] cellulose diet 
showed a mineral oil type of stool. Pathologic 
examination of one rat from each group revealed 
no gross or microscopic effects. 

It would seem, then, from this experiment that: 
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(1) methyl! cellulose as synthesized by domestic 
chemical industries is nontoxic in the quantities 
used, (2) to secure sufficient nutrition the experi- 
mental rats must eat more bulk, and that, (3) due 
to the increased bulk and probably a better utili- 
zation of food by improved large bowel elimina- 
tion, a more rapid growth and greater body weight 
is attained. 

“‘Continuous’”’ quinine administration in avian 
malaria infections. Harry BreckMAN. Dept. of 
Pharmacology, Marquette Univ. School of Medicine. 
Thirty canaries were divided into 3 groups of 10 
each and allowed to be bitten by Culex pipiens 
mosquitoes carrying our 3H2 strain of Plasmodium 
cathemerium. Late on the night of the fourth day 
plasmodia were found in the peripheral blood of all 
birds. During the fifth to eighth days, inclusive, one 
group was given | mg. quinine bisulfate in aqueous 
solution by mouth at 8 a.m., 2 p.m. and 8 p.m.; 
another group received the same total dosage but 
administered in appropriately reduced amounts at 
2 hour intervals continuously throughout the 4 
days; the third group was held as untreated con- 
trols. Effectiveness of the two types of treatment 
was determined by quantitative studies of the 
rates of development of the plasmodia and by daily 
plasmodial counts. It was found that the ‘‘con- 
tinuous”’ type of treatment: a, effected an approxi- 
mately 24 times greater retardation in trophozoite 


development that ‘‘three times daily’’ dosage; b, 
caused crisis to be reached on the second or third 
days in all birds instead of on the third, fourth, 
fifth or later days as in the ‘‘three times daily” 
treated birds. 

Monocaine compared with procaine regarding 
vasodilatation and irritation. R. Beurner. Dept. of 


Pharmacology, Hahnemann Medical College, 
Philadelphia. Procaine, the local anesthetic gen- 
erally used for injection is vasodilating (Kisch and 
others). An isomer of procaine, butyl-amino-ethyl- 
p-amido-benzoate, called ‘‘monocaine,”’ was found 
to be more nearly or completely free of vasodila- 
tion, so as to require less epinephrine. Schamps 
and Tainter (Anesthesiology, 1942) tried to dis- 
prove this point but their observations also show 
that in many cases less epinephrine is needed with 
monocaine. Thus, e.g. the ‘“‘median anesthetic’ 
concentration of procaine tested by infra-orbital 
infiltration in rabbit is decreased from 0.295 per 
cent to 0.2 per cent if 1:50000 epinephrine is added; 
while for monocaine it is lowered far more, viz. 
from 0.35 per cent to 0.185 per cent by only 1:75000 
epinephrine! Similarly, when testing both anes- 
thetics by infiltration of rabbit skin, the ‘‘median 
anesthetic’’ concentration of procaine is decreased 
less by 1:50000 epinephrine than that of monocaine 
by 1:75000 epinephrine; the respective figures are, 
procaine: 1.5 — 0.95%, monocaine: 1.2 > 0.66%. 
Only in the human intracutaneous skin test the 
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variation of potency was found to be in the san 
direction as the epinephrine concentration. (Aboli- 
tion of epinephrine pressor effect by procaine or 
monocaine proves little since even ergotamine, ; 
strong vasoconstrictor, may abolish epinephrine 
action.) 

For testing tissue irritation by these two anes- 
thetics 2% monocaine was instilled repeatedly on 
the right eye, and 4% procaine on the left eye of 
13 rabbits (since monocaine is used in half the 
concentration of procaine). Neither of the drug 
led to distinct irritation; only in one case the 
conjunctiva seemed slightly more reddened by 
procaine than by monocaine. 

A theory of the absorption of iron. ELpon \M. 
Boyp. Dept. of Pharmacology, Queen’s Univ. 
Kingston, Canada. Sheline, Chaikoff, Jones and 
Montgomery have shown (J. Biol. Chem., 1948), 
that accelerated absorption of radioiron from the 
gastrointestinal tract does not begin immediately 
after acute anemia has been induced but rather 4 
fortnight or so later when hematopoiesis is active. 
This suggests that the stimulus to increased iron 
absorption is active hematopoiesis. The chief 
source of iron for hematopoiesis is stored iron. 
Boyd, Hitsman and Perry (Rev. Canad. de Biol. 
1944) found that when iron is injected intramusct- 
larly, it is stored in many tissues of the body in- 
cluding the tissues of the gastrointestinal tract. 
Based upon these facts, the theory is advanced 
that iron absorption, and hence the iron content 0/ 
the body, is regulated by the amount of storage 
iron in the tissues of the gastrointestinal tract. If 
gastrointestinal tissue storage iron is saturated, 
little or no iron is absorbed. If gastrointestinal 
tissue storage iron is depleted by the demands of 
hematopoiesis, then iron is reedily absorbed from 
the gut until body storage iron is again saturated 
and an equilibrium established. 

The use of thymol in clinical and experimental tu- 
berculosis. CLypE Brooxs and Harvey SEarc! 
(by invitation). School of Medicine, Louisiana 
State Univ., New Orleans. Ralph McBurney, Har- 
vey Searcy, and Louise Cason were the first to per 
form experiments on the effect of thymol on exper 
mental tuberculosis in the guinea pig. Theit 
publication is now in progress. 

Searcy, McBurney, and Rowe (J. Ala. Med. 
Assn. 2: 217, 1942) were first to report the treat: 
ment of human cases of tuberculosis of the lungs 
with thymol. 

The present paper is a further report on the use 
of thymol both in experimental tuberculosis in the 
guinea pig, and also on human cases of tuberculosis 
of the lungs. 

A preliminary report of this work was read by 
title before the Boston sessions of the America! 
Society for Pharmacology and Experiments! 
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herapeutics (Brooks and Searcy, Fed. Proc. 1: 
art II: 145, 1942). 

Two series of guinea pigs have been studied, 
sing adequate controls, which show: 

Thymol treated animals did not all die; but all 
ontrols died. Thymol treated animals did not lose 
s much weight as did the controls. Thymol 
reated animals did not have as much tuberculosis 
s shown at autopsy, as did the controls. These 
esults indicate that the thymol exerts a restric- 
ive effect on tuberculosis in the guinea pig. 

One hundred and seven human e¢ases of tubercu- 


(Mosis of the lungs have been treated with thymol, 


chief 
iron. 
siol., 
Iscu- 
y in 
ract. 
nced 
nt of 


ted, 
tinal 


1s of 


‘ith controls of similar but untreated cases. The 
esults thus far are encouraging, and will be re- 
ported in detail in due time. 

Anesthetic activity of the cis-trans isomers of tri- 
hloroethylidene glycerol. Tuomas C. BurTLer. 
Nept. of Pharmacology, Vanderbilt Univ. School of 
Medicine, Nashville, Tenn. By benzoylation, sepa- 
ation of the crystalline benzoates, and hydrolysis 
bf the benzoates, trichloroethylidene glycerol (2- 
trichloromethy])-1 , 3-dioxolane-4-methanol) has 
been separated into the component cis-trans iso- 
hers (each a racemic modification). Their melting 
anges are —50 to —35 and +19 to +28°C., respec- 
ively. Both are soluble to the extent of about 3 
prams per 100 cc. of water. The two isomers have 
een studied in comparison with tribromoethanol 
vith respect to their anesthetic and lethal effects 
n mice following intravenous and intraperitoneal 
njection. Both isomeric forms of trichloroethyli- 
lene glycerol produce a quiet anesthesia of brief 
uration and they are nearly equal in activity. 
They are little less active both by the intravenous 
ind by the intraperitoneal route than is tribromo- 
thanol, but their lethal doses by both routes are 
otably higher. 

Relative acute toxicity of some organic compounds 
ollowing oral administration and skin application. 
ERBERT QO. Catvery, JOHN H. Draize and 
iKOFFREY Wooparp (by invitation). Division of 
Pharmacology, Food and Drug Administration, 
‘ederal Security Agency, Washington, D. C. In 
omparing acute toxicity by oral administration 
nd skin application to rabbits, diethylene glycol- 
honobutyl-ether-acetate (I), diethylene glycol- 
wnoethyl-ether (II), diethylene glycol (III), 
limethyl phthalate (IV), 2-ethyl-11,3 hexanediol 
V), isobornyl thiocyano acetate (VI), beta thio- 
vano ethyl esters of Cy-1s fatty acids (VII), and 
eta-butoxy-beta-thiocyano-diethyl ether (VIII) 
vere considerably more toxic orally. 


a,a’-dimethyl-a-carbobutoxydihydro- gamma- 


pyrone (IX), 2-ethyl butanol (X), and 2-methyl- . 


4-pentanediol (XI) were of the same order of 
oxicity by either route of administration. 
Dibutyl oxalate (XII) appears somewhat more 
oxic by topical application. 
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For a number of the above compounds acute oral 
toxicities have also been determined using rats, 
mice, guinea pigs and chicks. 

I and II are absorbed as readily by the intact as 
the abraded skin, whereas III and XI are absorbed 
much more readily by the abraded skin. 

The increasing order of oral toxicity for the com- 
pounds is IX, XI, IV, III, II, I, V, X, XII, VII, 
VI, and VIII, whereas following topical applica- 
tion the order is IV, V, III, VI, VII, II, I, 1X, XI, 
X, XII and VIII. It is impossible to predict 
toxicity by skin application from oral data and 
vice versa. 

Comparative assays of various digitalis materials 
by the U.S.P. cat method and the human method. 
McKeen Carrett and Harry Gown. Dept. of 
Pharmacology, Cornell Univ. Medical College, 
New York, N. Y. The data in the accompanying 
table are illustrations of the limitations of the cat 
method as a measure of potency of digitalis mate- 
rials for oral administration in man. The U.S.P. 
official technique was employed in the case of the 
cat method and the technique described in the J. 
Pharm. and Exper. Therap., 75: 196, 1942 for the 
human method. 





Potency in terms 
of USP Digitalis 
Reference 
Standard 1942 


Cat 
method 
(intra- 
venous) 


Potency by 
human 
method in 
percentage 
of potency 
by cat 
method 


Preparation 


Human 
method 
(oral) 





. Digitaline Nativelle .........| 180 
SS ere, 
. Indian Urginin 193 
. LanatosideC........... .| 300 
ee UT DP 1.05 
. Digitalis Tablets ............. 1.04 
. Digitalis Tablets............. 1.17 
H. A. #9 Leaf 1.32 
. Digitalis Leaf 1.60 
, Digitalis Leaf:.....<........ 1.84 
. Tincture Digitalis ........... 1.40 
. USP XI Reference Digitalis. 1.67 


= 
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It may be seen that while the cat and the human 
assays sometimes give fairly similar results, there 
are frequent discrepancies. Some specimens of 
digitalis were nearly one-half as potent by the 
human as by the cat method. The greatest discrep- 
ancies appear in the case of purified materials. 
Digitaline Nativelle was more than five times as 
potent by the human as by the cat method, and 
Gitalin nearly twice as potent. Urginin and La- 
natoside C, on the other hand, were only about 
one-half as potent by the human as by the cat 
method. These discrepancies are undoubtedly due 
chiefly to differences in absorption. 

The results indicate that a U.S.P. unit (intrave- 
nous cat method) may show considerable variation 
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in its effect by oral administration in man in the 
case of Digitalis Leaf and the Tincture, and that in 
the case of purified digitalis materials is without 
meaning. In the present state of our knowledge, 
therefore, the human method of assay is essential 
to insure uniformity of digitalis materials by 
oral administration in man. 

Studies on synthetic curare-like compounds; ac- 
tions and toxicity of some new quinine derivatives. 
Haro.p F. Cuassz (by invitation) ARNOLD J. LEH- 
MAN, KaTER DoNELSON (by invitation) and Pau 
GRADOLPH (by invitation). Wayne Univ. College 
of Medicine, Detroit, Mich. A series of seven new 
quinine derivatives (J. Pharm. and Exper. Therap. 
75: 265-269, 1942) were examined for their curare- 
like action. The compounds investigated were 
quinine n-propyl bromide, quinine isoamy] chlo- 
ride, quinine n-amyl bromide, quinine hexyl] bro- 
mide, quinine isopropy! chloride, quinine n-propyl 
chloride, and quinine n-butyl] chloride. All of these 
substances, with the exception of quinine iso- 
propy! chloride produced a curare-like paralysis in 
frogs in doses of less than 100 mg/kg. when ad- 
ministered by ventral lymph sac. 

LD,» values, signifying complete paralysis, includ- 
ing paralysis of respiration, were determined by 
intravenous injection into rats, rabbits and dogs. 
The n-propyl bromide and chloride and the n- 
butyl chloride derivatives were most potent. The 
Thomas and Franke technique was employed with 
dogs to study further the curarizing power of the 
agents in the series. All compounds showed paraly- 
sis of the peripheral respiratory neuro-muscular 
mechanism without central depression in doses 
which ranged from 50% to 100% of the canine LD». 
Quinine n-propyl bromide had the widest margin 
of safety with its LD» in dogs established at 5.9 
mg/kg. and the effective paralytic dose ranging 
from 2.5 to 5.0 mg/kg. Doses of 5.0 mg/kg. gave 
80% protection against metrazol convulsions in 
dogs. 

Thus, on the basis of preliminary experiments, 
quinine n-propyl bromide, which was the most 
effective member of the present series, is slightly 
less potent than quinine ethochloride (J. Pharm. 
and Exper. Therap. 75: 270-276, 1942) which gave 
complete protection from metrazol convulsions in 
a dose less than its LD». 

Variation in reproductive phenomena by caffeine. 
Rawpu H. Cueney. Dept. of Biology, Long Island 
Univ., Brooklyn, N.Y. Preliminary investigations 
regarding the effect of caffeine upon reproduc- 
tive phenomena indicate respiratory effects on 
the fertilized ova. The influence of caffeine on the 
fecundity and normalcy of the progency consti- 
tutes a separate phase of the work. The eggs and 
sperm of Arbacia punctulata were used as the 
experimental material for respiratory data. Meas- 
urements were made by means of the Warburg 
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microrespirometer. White rats were the source 
data on the fecundity and normalcy studies. 

Respiration: Caffeine-in-sea-water percentage 
varied from 0.002% to 2.0%. Temperature wa 
controlled at 25°C, total volume in each flask ws 
2 c.c., and the readings recorded on oxygen con 
sumption were made over a three hour period. Thy 
time relationship curve expressed in cu. mm. ¢ 
oxygen consumed in non-caffeinized controls w: 
compared with the caffeinized experimentalk 
Changes of less than 10% were not considered sig 
nificant. Concentrations of caffeirie-in-sea-wate 
equivalent to 0.1% or above produced inhibitic 
of oxygen consumption. Cleavage rates are als 
arrested in high concentrations. 

Fecundity: The rat colony fecundity studies ar 
a part of a five year investigation. Diet contro 
maintained parallel conditions between experi 
mentals and controls with the exception of thy 
caffeine intake. Different concentrations were sup 
plied to the separate groups within the colony 
The experimental group received only water wit! 
caffeine from the weaning period throughout thei 


life. Data is incomplete, but there.is some evidence 


of reduced fecundity. Final substantiation remaini 
to be determined. 

A method for determining the length of action 
barbiturates. Versa V. Co.x and H. R. Hutriet 
Dept. of Biochemistry and Pharmacology, Indian 
Univ. School of Medicine, Indianapolis. Previou 
work on convulsants by one of us indicated tle 
possibility for the development of a test metho 
for the length of action of barbiturates. A metho 
has been developed on 4 barbiturates (sodiut 
pentobarbital, sodium amytal, sodium barbital 
and sodium phenobarbital). For the convulsant 
strychnine was given 3 mgm. per kgm. by intr 
peritoneal injection. This dose of strychnine kill 
70 per cent of male rats weighing from 65 to § 
grams. A dose of each barbiturate was determine 
which would protect at least 9 of 10 rats agains 
death from strychnine when the barbiturate w: 
given one hour before. The same dose of each ba 
biturate was given one hour before. The same dog 
of each barbiturate given 2 hours before strychnit" 
to 10 rats each, served to differentiate between tli 
medium and long acting barbiturates. The death 


from strychnine after sodium barbital and sodiul 


phenobarbital are the same at 2 hours as at on 
hour. Two hours after sodium amytal and sodiul 
pentobarbital, 5 of 10 died from strychnine. To dif 
ferentiate between sodium barbital and sodiu! 
phenobarbital, it was necessary to use 20 rats eat! 
at 48 hours after the barbiturates. Three rats oll 
of 20 were killed by strychnine 48 hours after s 
dium phenobarbital and 11 rats out of 20 wel 


killed by strychnine 48 hours after sodiuij 


barbital. 
These results are statistically significant and at 
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not related to the dose of barbiturate or to the 
egree of anaesthesia. This method of determina- 
ion has proved impractical on short acting com- 
pounds. It should be useful in differentiating me- 
dium and long acting barbiturates, if the toxicity 
is not too high. 

A simple demonstration of the Ritter-Valli- 
Rosenthal-Heidenhain law. HELEN C. Coomss and 
F. H. Pree (by invitation) Dept. of Hygiene, 
Brooklyn College and Columbia Univ. Valli, about 
1792, showed that when a nerve is divided anatomi- 

ally the proximal end of the severed portion be- 
omes inexcitable at a time when more distal por- 
ions closer to the muscle remain excitable. This 
was confirmed a few years later by Ritter. A half 
entury later Rosenthal and Heidenhain showed 
hat a wave of increased excitability begins at the 
proximal end of the severed portion of the nerve 
and passes out to the periphery. 

If a sciatic-gastrocnemius preparation is excised 
and the excised muscle drawn under the intact 
sciatic nerve of the frog, the nerve of the excised 
preparation may be stimuiated and the excised 

uscle made to contract while remaining in con- 

act with the uninjured sciatic of the other leg. 
he gastrocnemius of the uninjured side will not 
ontract. Stimulation may be carried out repeat- 
edly for half an hour or more without causing any 
ontraction of the uninjured side. If, however, the 
ntact sciatic be cut, and the end remains in con- 
act with the excised muscle, the gastrocnemius of 
he previously uninjured side will contract. We 
vould make the suggestion that this method of 

sing an uninjured nerve in continuity affords a 
biological means of determining the effects of vari- 
pus agents upon the excitability of nerve without 

ntroducing the complications inevitable to any 
anatomical injury. 

The pressor action in the intact dog of 2-naph- 

hyl-(1’)-methyl-imidazoline-hydrochleride (Priv- 

ne). Braprorp N. Craver and Haroup F. 

HASE (by invitation) and Freprickx F. YonxK- 

tAN. Wayne Univ. College of Medicine, Detroit, 

lich. Dogs were anesthetized with urethane, ether 
br sodium pentobarbital. The blood pressure was 
ontinuously recorded with a carotid cannula and 

ercury manometer and the respiration with a 

Tendenhall pleural cannula. The minimally effec- 

ive intravenous dose of Privine (Ciba) for the dog 

anged between 1 and 5 micrograms per kilogram. 
ive micrograms of Privine per kilogram gave 
oughly 4 the response of an equal dose of epi- 
hephrine. Larger doses of Privine compared less 
avorably with epinephrine although their dura- 
ion of action was often twice or more that of epi: 
hephrine. No dose of Privine gave as high a re- 


mpPOnse as could be elicited by a suitable dose of 


pinephrine. The therapeutic ratio for Privine was 
high since 1 mg/kg. was not lethal. Tachyphylaxis 
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with Privine was slight and inconstant for doses 
up to 40 micrograms per kilogram and was exhib- 
ited only by dogs anesthetized with sodium pento- 
barbital. Privine usually inhibited the respiration 
of dogs under pentobarbital, inconstantly in- 
hibited that of dogs under urethane and stimu- 
lated that of dogs under ether. Yohimbine and 
ethyl yohimbine markedly decreased the effective- 
ness of Privine but never reversed its action. Co- 
caine occasionally but only slightly potentiated 
the action of Privine. Privine inconstantly poten- 
tiated the action of epinephrine. Privine seemed to 
be very poorly absorbed across mucous mem- 
branes. Large doses (up to 50 mgs.) given rectally 
or gastrically did not alter the blood pressure or 
respiration. Relatively large doses of Privine in 
the ileum occasionally produced slight changes in 
blood pressure and respiration, as they did at 
times when administered nasally. Nasally, how- 
ever, therapeutic doses had no systemic effect in 
these experiments. 

Methods for the study of skin absorption. J. H. 
Draize and E. P. Laue (by invitation). Division 
of Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington, D. C. 
Methods and procedures were devised for acute, 
short subacute and more prolonged subacute toxic- 
ity studies of substances applied topically to ani- 
mals. Although animal skin differs from human 
skin, the rabbit for various reasons is the animal 
of choice. 

For acute toxicity tests, rabbits weighing 2.5- 
3.0 kg. are clipped free of hair around the body 
trunks; both intact and abraded (epidermal inci- 
sions spaced 2 cm. longitudinally over the area of 
exposure) skin are exposed. The dose is held in 
contact with an area of skin 8 cm. wide around the 
trunk by a bell-shaped rubber cuff fitted snugly at 
the ends. During the 24-hour period of exposure 
animals are immobilized in a special holder (Laug, 
E. P., J. Lab. and Clin. Med., in press). From the 
mortality ratios at given dose levels the LD» is 
calculated. 

The techniques involved in the short subacute 
and more prolonged subacute experiments are 
essentially similar. The former experiments are 
designed to run 3 weeks, whereas the latter run 3 
months. Dosage levels in the short subacute ex- 
periments are higher. Body weight curves, symp- 
toms of toxicity or dysfunction, hematology, 
chemical tests on blood and urine, histopathology, 
and kidney and liver function tests are made. 

The subacute experiments are important be- 
cause (1) systemic effects of repeated small doses 
on the animal may be observed, (2) systemic 
effects may differ seriously from those following 
acute exposure, (3) effects of repeated application 
to the skin may be studied (progressive deteriora- 
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tion as a barrier) and (4) the cumulative effects 
finally manifested by a serious dermatitis. 

Diffusion respiration in the dog under pentothal 
sodium. W. B. Draper and R. W. WHITEHEAD. 
Dept. of Physiology and Pharmacology, Univ. 
of Colorado, Denver. Under certain conditions, 
the anesthetized dog in respiratory arrest can 
obtain sufficient oxygen for metabolic require- 
ments through diffusion alone. The necessary con- 
ditions are the replacement of the nitrogen in the 
respiratory tract and surrounding atmosphere 
with oxygen, and an adequate circulation. Under 
these conditions, the oxygen uptake from a spi- 
rometer by dogs in respiratory arrest induced by 
pentothal may be more than 80% of the amount 
taken up during spontaneous respiration. The 
uptake of oxygen in respiratory arrest is due to the 
affinity of the reduced hemoglobin in transit 
through the alveolar capillaries for the oxygen 
within the alveolar spaces. As oxygen is removed 
from the lungs by the blood, there is diffusion of an 
equivalent amount inwards from the spirometer. 
The suction thus exerted is considerable and will 
cause collapse of the lungs if diffusion of oxygen 
from the spirometer into the lungs is prevented by 
seizure of the spirometer bell. The diffusion out- 
wards of CO, is slower than the diffusion inwards 
of oxygen, and the alveolar CO, may reach 30% 
before death. Dogs in an oxygen chamber may be 
held in respiratory arrest with pentothal for more 
than an hour and yet spontaneously recover with- 
out the aid of any sort of artificial respiration. 
More than sixty dogs have been resuscitated from 
gross overdosage with pentothal through the use 
of diffusion respiration alone. The presence of sub- 
stantial amounts of nitrogen in the respiratory 
tract or surrounding atmosphere impedes the in- 
ward diffusion of oxygen and prevents effective 
diffusion respiration. 

The action of barbiturates on the motility of the 
cat’s stomach and intestines. N. B. Dreyer, L. 
Ray (by invitation) and V. Larson (by invita- 
tion). Dept. of Physiology and Pharmacology, L. I. 
College of Medicine, Brooklyn, N. Y. Observations 
were carried out on the stomach and intestines in 
situ. The cats were either decerebrated or anesthe- 
tized with chloralose. Sodium salts of the barbitu- 
rates were injected intravenously in all cases. 
Dosages varied from fractions of a milligram to the 
usual anesthetic dose. 

Small doses caused an increase in motility with- 
out a change in tonus. Thus, 1 mg/kg of sodium 
amytal produced an increase in motility lasting up 
to five minutes, followed by a return to normal. 
Doses of 4 mg/kg of sodium amytal raised the 
tonus and increased the height of contractions. As 
the dosage increased there was a still further rise 
in tonus and motility of longer duration than with 
the smaller doses. There appeared to be a rough 


parallelism between hypnotic activity of the bar. 
biturates and stimulating effect on the intestine, 

Anesthetic doses produced a transitory fall in 
tonus and diminished motility lasting for several 
minutes. This was followed by a period of in- 
creased motility and heightened tonus. If artificial 
respiration was carried out during the injection of 
anesthetic doses, the depression of tonus and mo- 
tility was slight or absent. 

Section of both vagi and splanchnic nerves does 
not alter these responses, showing that they are 
not of central origin. Administration of atropine 
(1 mg/kg) also does not abolish these responses, 

The thio-barbiturates on mjection produce a 
temporary loss in tonus and diminished motility 
followed by a return to normal in five to ten 
minutes. 

The effect of stimulation of the vagus nerve on 
tonus of the intestine of the cat. N. B. Dreyer, L. 
Ray (by invitation) and V. Larson (by invita- 
tion). Dept. of Physiology and Pharmacology, L. 1. 
College of Medicine, Brooklyn, N. Y. The state- 
ment has been made that the effect of vagal stimv- 
lation on the tonus of the intestine depends on the 
preéxisting tonus of the intestine. When tonus is 
high vagal stimulation diminishes it; when tonus 
is low vagal stimulation causes an increase. Ex- 
periments carried out in this laboratory have 
shown that vagal stimulation always increases 
tonus whether tonus be high or low. To test the 
above hypothesis the following experiments wer 
carried out. Movements of the intestine in situ 
(duodenum, jejunum, ileum, and proximal colon) 
were recorded in cats. The cats were either decere- 
brated or under chloralose anesthesia. The left 
vagus was sectioned in the neck for stimulation. 
Stimulation for a period of 30 seconds with a fa 
radic current of submaximal intensity in the intes 
tine with nerve supply intact produced an increas 
in tonus and motility. Increased tonus of the intes- 
tine was produced by sectioning of the sympa- 
thetic nerve supply. Vagal stimulation in this case 
produced a still further rise in tonus. Injection of 
morphine sulfate (1 mg/kg) causes an increase it 
intestinal tonus. Vagal stimulation, following 
morphine, causes a further rise in tonus. 

Lowering the tonus by the intravenous injectiot 
of 2.5% MgCl. (1 ec/kg) or of papaverine hydro 
chloride (1 mg/kg), followed by vagal stimulation, 
results in an increased tonus. 

These results indicate that vagal stimulatiot 
gives the same type of response on the intestine 
regardless of the previous state of tonus. 

Cholinesterase activity in normal and thiourat¢l 
treated rats. SypNey Exviis and Mary A. Rod! 
(introduced by Otto Krayer). Dept. of Pharm 
cology, Harvard Medical School, Boston. Whet 
male and female adult rats were supplied thie 
uracil (1:1,000) for about three months in theif 
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drinking water in order to suppress thyroid func- 
tion (Astwood, E. B., J. Pharmacol. and Exper. 
Therap. 78: 79, 1943), the cholinesterase activities 
of the sera and homogenized whole livers of these 
animals were found to be about twice as high as 
those of control animals of the respective sexes. 
In both the control and treated groups the sera and 
livers of female rats had higher cholinesterase ac- 
tivities than those of the males. The homogenized 
cerebral hemispheres of treated and untreated ani- 
mals of both sexes fell within the same rather nar- 
row range of cholinesterase activity. 

The increases in serum and liver cholinesterase 
are not the result of a direct activation of cholines- 
terase by thiouracil, since, in vitro, added thio- 
uracil in concentrations between 1:1,000,000 to 
1:5,000 did not activate the enzyme (1:2,000 
caused slight inhibition). 

Our determinations were done by the Warburg 
constant volume manometric method. The sera 
were diluted 1:10 or 1:20 with bicarbonate-salt 
solution; the livers, 1:20 or 1:80; and the brain, 
1:20. The substrate was acetylcholine bromide in a 
final concentration of 0.8 M in the reaction mix- 
ture. This approaches the maximal substrate con- 
centration for the serum and liver enzymes. At 
lower concentrations the activities of serum and 
liver cholinesterase were diminished, whereas.that 
of the brain was much greater. Furthermore, the 
brain enzyme hydrolyzed acetyl-8-methylcholine 
as rapidly as acetylcholine, while on the former the 
liver and serum had only a negligible action. [This 
work was done under the auspices of the University 
Committee on Pharmacotherapy.] 

Relative effects of d- and /-amphetamine on meta- 
bolic rate in man. G. A. Emerson. West Virginia 
Univ. School of Medicine. O.-consumption and 
pulse rate were determined 30, 60, 120 and 180 
minutes after oral administration of 20 mgm. of 
the sulfates of the optical isomers of benzedrine 
to 11 young adults. Technics used were the same 
as in a previous study (W. Va. Med. J. 37: 74, 1941) 
of dl-amphetamine. All subjects received both 
forms, with an interval of 1 week between tests; 
d-amphetamine was given initially in 5 and [- in 6. 
The average maximum increase in O2-consumption 
during the 3-hour period, above the basal rate 
determined immediately before administration of 
either agent, was 11.5% for d- and 5.5% for l-am- 
phetamine. A decrease occurred in 7 receiving 
amphetamine (av. for the whole group, —2.5%) 
and in 3 receiving d-amphetamine (av. for the 
Whole group, —1.5%). Only 1 subject showed an 
Increase of > 10% after /-amphetamine, while only 
8 showed an increase of < 10% after the d-isomer. 
However, the largest single increase (22%) was 
found with the I-form and the largest single de- 
Crease (10%) with the d-form. Changes in pulse 

ate were irregular. In view of the larger av. in- 


crease noted after dl-amphetamine (15.7%) than 
with either optical form, synergy of the latter 
must occur. 

The circulatory action of a number of new phenyl- 
propylamines. Epwin J. Fe.ttows. Temple Univ. 
School of Medicine, Philadelphia, Pa. The intra- 
venous circulatory activity of the following pro- 
pylamines was,compared with that of correspond- 
ing phenethylamine derivatives and epinephrine in 
atropinized dogs anesthetized with nembutal: di- 
hydroxy-y-ketophenylpropylamine (I); hydroxy- 
y-ketophenylpropylamine (II); hydroxy- phenyl- 
n-propanolamine (III); y-ketophenylpropylamine 
(IV), phenyl- n- propanolamine(V); methoxy-y- 
ketophenylpropylamine (VI); dimethoxy-y-keto- 
phenylpropylamine (VII). These derivatives all 
were found to exhibit pressor activity. The above 
listing is in the order of their decreasing pressor 
effectiveness. The most active compound (1) mani- 
gested 1/100-1/200 and the least active agent (VII) 
possessed < 1/5000 the activity of epinephrine. 

Benzedrine antagonism to certain effects of fur- 
furyl trimethyl ammonium iodide (furmethide). 
Epwin J. FELtLows and Raymonp W. CunNING- 
HAM. Temple Univ. School of Medicine, Philadel- 
phia, Pa. Subcutaneous or intravenous injection 
of furmethide in unanesthetized dogs results in 
marked salivation, defecation and vomiting. The 
intensity as well as duration of these effects are 
diminished by subcutaneous or intravenous injec- 
tion of benzedrine. The lethal effect of benzedrine 
and furmethide appears to be additive and not 
antagonistic because in rats one third the intra- 
venous LD of furmethide plus LD» doses of 
benzedrine intravenously caused death in all ani- 
mals injected. 

The application of certain sulfathiazole prepara- 
tions to the nasal mucosa of rabbits. Epw1n J. FEt- 
Lows, RayMonpD W. CuNNINGHAM and LAWRENCE 
W. Situ. Temple Univ. School of Medicine, Phila- 
delphia, Pa. Despite their high alkalinity, solu- 
tions of sodium sulfathiazole have been used ex- 
tensively in the nose and paranasal sinuses. Two 
reports have been made that inflammation always 
was detectable in rabbits after intranasal applica- 
tion of 5% sodium sulfathiazole solution and sub- 
sequent microscopic study of the sections from 
these animals. A 2.5% solution of sodium sulfa- 
thiazole with 0.125% desoxyephedrine and a 5% 
suspension of microform sulfathiazole with 1.0% 
paredrine hydrobromide recently have been intro- 
duced. The effect of these two preparations on 
nasal mucosa has not been reported. The present 
studies therefore were carried out to determine the 
effect of intranasal application of the following: 

I. 2.5% Microsulfathiazole suspension plus 1.0% 

paredrine hydrobromide. 

II. 5.0% Microsulfathiazole suspension plus 1.0% 

paredrine hydrobromide. 
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III. 2.5% Sodium sulfathiazole solution. 
IV. 2.5% Sodium sulfathiazole solution plus 
0.125% desoxyephedrine. 

A total of sixteen rabbits was used and each of 
the above preparations tested on a group of 4 ani- 
mals. After a ten day period during which 0.6 cc. 
quantities were applied to each nostril 3 times 
daily, the animals were sacrificed and microscopic 
examinations of the sections made by one of us 
(L. W. 8S.) without knowledge of the nature of the 
solutions applied. Little or no change occurred in 
the nasal mucosa of the rabbits treated with either 
I or II. There was however, definite evidence of 
inflammation in the two series in which III and IV 
were employed although the severe necrotizing 
changes reported by other authors for 5% sodium 
sulfathiazole solutions were not noted. 

Anticonvulsant properties of diethylsucciny] urea. 
J. K. Frnnecan. West Virginia Univ. School of 
Medicine. Diethylsucciny] urea, hitherto unde- 
scribed, was synthesized by the method of Michael 
(J. prakt. Chem. 35: 449, 1887) and its toxicity, 
hypnotic potency and anticonvulsant properties 
were studied in mice. Intraperitoneal doses of 100 
mgm/kgm. are tolerated but no evidence of hypno- 
sis is seen until higher doses within the lethal range 
are reached. Upon oral administration, toxicity is 
approximately the same as by the intraperitoneal 
route, although the larger doses produce hypnosis 
followed by recovery in a small proportion of ani- 
mals. When lethal doses of diethylsuccinyl urea 
and a certain convulsant dose of picrotoxin are 
simultaneously administered intraperitoneally, all 
mice so treated are protected from convulsions but 
later die of respiratory failure. These results are of 
interest in regard to the mechanism of action of 
hydantoinates and barbiturates vs. convulsants. 
Further study of diethylsuccinyl urea (succinal) 
and other di-substituted succinyl ureas is in prog- 
ress. [These experiments were done in the Dept. 
of Pharmacology, Univ. of California Medical 
School.] 

Methyl cellulose as a solidifying agent for semi- 
solid media. J. K. FINNEGAN (by invitation) and 
G. A. Emerson. West Virginia Univ. School of 
Medicine. In testing its stability during growth of 
various clostridia, it was noted that the aqueous 
gel formed by this ether is a suitable substitute for 
agar gel in semi-solid media of the type described 
by Spray (J. Bact. 27: 32, 1934). Twelve repre- 
sentative media were prepared with varying con- 
tents of methyl cellulose. A content of 3-8% 
methyl cellulose is satisfactory. Methyl cellulose 
media cannot be made in bulk and tubed in the 
usual way; a weighed amount of the solid must be 
added to each tube. The ether withstands auto- 
claving well although it is precipitated on heating 
and redissolves upon cooling. A brilliantly clear 
semi-solid gel results with the recommended con- 
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centrations. Higher concentrations do not produce 
a gel suitable for plating, due to syneresis. 

The chronic toxicity of quinacrine (Atabrine). 0, 
G. FirzuucH and A. A. NELSON (by invitation), 
Division of Pharmacology, Food and Drug Ad- 
ministration, Federal Security Agency, Washing. 
ton, D. C. Albino rats at the age of three weeks 
were placed on diets containing quinacrine (Ata- 
brine) hydrochloride in concentrations of 100, 200, 
400 and 800 ppm. A relatively low protein (11%) 
diet and a high protein (35%) diet were used with 
each concentration of quinacrine. 

Toxic symptoms were produced at all concentra- 
tions of quinacrine. At the,100 ppm. level the 
symptoms consisted of a slight retardation of 
growth and an uneven coat. At the higher levels 
the symptoms became progressively more severe. 
The 800 ppm. is the only dosage level which has 
significantly affected the mortality rate up to the 
present time. The animals on the low protein diet 
at this level lived an average of 96 days. Those on 
the high protein diet survived longer; however, 
there is only one of the original 18 living at 1l 
months. Blood studies showed a marked leukocy- 
tosis in the groups on 800 ppm. and a slight leuko- 
cytosis in the groups on 400 ppm. Grossly the rats 
on the higher dosages of quinacrine have shown: 
severe necrosis and varying degrees of hyperplasia 
of the liver, generalized yellow staining of the 
viscera, peritoneal adhesions, relative ‘enlarge 
ment of the spleen, atrophy of the testis, and other 
moderate changes due to inanition. Microscopi- 
cally the outstanding changes have been necrosis 
of the liver, focal necrosis of the myocardium and 


of voluntary muscles, hyperplasia of the bone 


marrow, and the presence of small basophilic 
granules and of foamy macrophages in severil 
locations. 

Further observations on the reliability of the hu 
man method for the assay of digitalis materials. 
Harry Gop. Dept. of Pharmacology, Cornell 
Univ. Medical College, New York, N. Y. A method 
for the assay of digitalis materials on humans wai 
published July, 1942. The unknown specimen was 
administered to a group of subjects which had 
previously been calibrated with the Standard Ref 
erence Digitalis Powder and found sensitive t0 
about 25% differences in dosage. The criterion was 
a change in the RT-T segment of the electrocardic- 
gram. The effects were ranked by the blind test: 
Studies have been extended to explore further the 
reliability of the method. 

Each of three cardiologists previously unfamil- 
iar with the method, independently ranked the 
tracings obtained in the assay of one specimen 
digitalis (HA9) which had been tested on sevel 
calibrated patients. The results were as follows: 
100 mgm. of the unknown had the effect of 115/ 
mg. of the U.S.P. XII Reference Standard in tht 
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case of Dr. En, 115.4 in the case of Dr. Cd, and 
115.2 in the case of Dr. Pe. 

The reliability of the method was tested in an- 
other way by assaying the Standard Reference 
Powder as an unknown against itself. Eighteen 
calibrated subjects were divided into three equal 
groups, and each group of six was used for a sepa- 
rate assay. The ranking of the tracings was made 
by one of us (H. G.) and independently by the 
electrocardiographic assistant (J. O.). In these 
assays 100 mg. of the unknown (in this case U.S.P. 
XII Reference Powder) had the following poten- 
cies in mg. of U.S.P. XII Reference Powder: 104.5 
(100.4) mg.; 102.2 (100.4) mg.; 107.7 (108.0) mg. The 
values in parentheses are those of the electrocar- 
diographic assistant. 

These results lend strong support to the conclu- 
sion reached in the original description of the 
method that if appropriately calibrated patients 
are employed, digitalis materials may be assayed 
against the Standard by oral administration in 
man with a high degree of reliability. 

Further studies on the central nervous system 
action of benzimidazole HC]. Louis GoopMAN and 
Nancy Harr (by invitation). Dept. of Pharma- 
cology, Univ. of Vermont College of Medicine, 
Burlington. Detailed analysis has been made of ‘the 
previously reported selective depressant action of 
benzimidazole on the cerebrospinal axis. Lower 
spinal segments are first to exhibit depression. 
After suitable parenteral doses (300mgm/kgm. ), the 
ascending depression successively involves higher 
levels. Respiration remains adequate throughout 
a wide dose range, despite loss of skeletal muscle 


Stone. Extreme muscular flaccidity associated with 


exaggerated deep reflexes (and at times with 
clonus) is a unique neurological feature seen in 
both intact and spinal animals. In acute decorti- 
cate cats, ‘‘sham rage,’’ righting reflexes, and ex- 
tensor rigidity are abolished by moderate doses. 
In decerebrate animals, extensor rigidity and tonic 
neck and labyrinthine reflexes disappear. In acute 
and chronic spinal cats, flexor (nociceptive) re- 
flexes are abolished, myotatic (stretch) reflexes 
enhanced, and skeletal muscle tone greatly di- 
inished. Analysis of spinal cord action potentials 
courtesy Drs. A. Wikler and P. C. Lloyd) indi- 
ates that benzimidazole augments two-neurone 
are transmission and depresses multineuronal 
ares. Obtundation of nociceptive reflexes in ani- 
ale permits surgical abdominal procedures. 
hether true analgesia exists is not yet known. 
Benzimidazole does not alter the E.E.G. and is 
seful for immobilizing laboratory animals for 
plectroencephalography. Coramine _ specifically 
hatagonizes benzimidazole, differing from other 
haleptics in this regard. Benzimidazole prevents 
lectroshock convulsions in cats and monkeys 
Offner apparatus). In a patient with Little’s 


disease given a minimally effective dose of benzi- 
midazole HCl intravenously (assistance of Drs. 
Wesley Bourne and M. Digby Leigh gratefully 
acknowledged), the outstanding clinical effect was 
temporary relaxation of skeletal muscular spasm. 
[This investigation has been made with the as- 
sistance of a grant from the Committee on Thera- 
peutic Research, Council on Pharmacy and 
Chemistry, American Medical Association.| 

The diuretic action of benzimidazole. Louis 
GoopMAN and Nancy Hart (by invitation). 
Dept. of Pharmacology, Univ. of Vermont College 
of Medicine, Burlington. Rats given benzimidazole 
HCl intraperitoneally (200 mgm/kgm. daily) uni- 
formly exhibit marked increases in water consump- 
tion and urine output. Polyuria is detectable 
within 3 days, reaches a peak plateau after 2 
weeks, and persists as long as benzimidazole is 
administered (120 days). Despite a 10 to 20-fold 
increase in urinary volume, chloride reabsorption 
is only minimally impaired. Average control 
values and data on best performers per 24 hr. 
period based on 100 Gm body weight are as follows: 





H20 Urine 
consump-| volume 
tion (cc.) (cc.) 


Urinary 
chloride 
(mEq) 








<2 0.23 
Benzimidazole.................. 30 0.53 





Analysis reveals that polyuria results from poly- 
dipsia, that the diuresis is not ‘‘osmotic”’ in char- 
acter, that hypothalamic-hypophyseal mecha- 
nisms are not concerned, and that the polyuria is 
uninfluenced by large repeated doses of posterior 
pituitary (500 milliunits/100 Gm). In vitro and 
in vivo experiments indicate no direct benzi- 
midazole—posterior pituitary antagonism. 

Despite continued polyuria and_ polydipsia, 
young rats grow normally, chloride balance is 
maintained, and no histopathologic changes oc- 
cur in the hypothalamus, postpituitary, kidneys, 
or other organs. The marked polyuria apparently 
results from a specific inhibition by benzimidazole 
of renal tubular reabsorption of water per se. If 
this is true, analysis of benzimidazole diuresis has 
heuristic value. Further investigation of the effect 
of benzimidazole on renal function and water and 
electrolyte metabolism are in progress. Congeners, 
minimal dosage and other species are being 
studied. [This investigation has been made with 
the assistance of a grant from The Committee on 
Therapeutic Research, Council on Pharmacy and 
Chemistry, American Medical Association.] 

A rapid method for the estimation of penicillin. 
A. Gotu (by invitation) and M. T. Busn. Dept. 
of Pharmacology, Vanderbilt Medical. School, 
Nashville, Tenn. Actively multiplying Staphy- 
lococcus aureus cultures produce nitrite from 
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nitrate. It was found that penicillin decreases 
the production of nitrite. This observation is the 
basis of a rapid method for the estimation 
of penicillin and other antibiotic substances 
(flavicin) which inhibit the growth of Staphylo- 
coccus aureus. 

A twenty-four hour culture of Staphylococcus 
aureus is suspended in the porportion of 1:4 in 
a culture medium which contains: peptone 2.0%, 
NaCl 0.6%, NaNO; 0.02% and p-amino-benzoic 
acid 0.05%. This suspension is cooled on ice for 
15 minutes. A standard solution of penicillin and 
the unknown solutions are diluted to contain 0.5 
to 1.5 Oxford Units per cc. and 1.0 cc. portions are 
pipetted into 50 cc. Erlenmeyer flasks. Five cc. 
portions of the ice cold bacterial suspension are 
added. The flasks are incubated for 90 minutes at 
37°C. They are removed from the incubator and 
placed in ice water. The concentration of nitrite 
is then determined. The determination of nitrite 
is based on the diazotization of the p-amino- 
benzoic acid present in the eultures and the 
coupling of this diazonium salt with N-(I- 


naphthyl) - ethylenediamine - dihydrochloride. 
Since there is an excess of p-amino-benzoic acid 
present the intensity of the color depends on the 
amount of nitrite produced by the Staphylococcus 
aureus suspension. The controls without penicillin 


and the solutions which contain 0.5, 1, and 1.5 
Units of the standard solution of penicillin give a 
curve from which the concentration of penicillin 
in the unknowns can be read in Oxford Units. 

A study of the toxiciological and pharmacological 
actions of sec-butyl ethyl barbituric acid (butisol). 
CuaRLEs M. GrusBer, FRED W. ELLs (by invita- 
tion) and GonpIE FREEDMAN (by invitation). 
Dept. of Pharmacology, Jefferson Medical College, 
Philadelphia. Although the toxicological and 
pharmacological actions of sec-butyl ethyl bar- 
biturie acid (butisol) are still undetermined, it is 
being used in clinical medicine. So far the results 
of only one investigation have appeared in the 
literature, an article published by Fitch and 
Tatum in 1932, in which only rabbits and rats were 
employed. In the series of experiments here re- 
ported we used dogs, cats, rabbits, albino rats, 
white mice, terrapin and frogs. 

The intravenous LDs was found to be 91 
mg./Kg. for rabbits and 90 mg./Kg. for dogs. 
The intraperitoneal LD» for white mice was 247 
mg./Kg. and for albino rats 66 mg./Kg. A com- 
parison of the toxicity of this chemical and of 
other barbiturates was made along with these 
studies, using animals of the same kinds living 
under the same conditions. In rabbits butisol was 
found to be twice as toxic as phenobarbital 
sodium. In rats it was approximately three times 
as active as phenobarbital sodium and also three 
times as active as ethyl n-butyl barbituric 
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acid (neonal). In white mice it proved to be about 
half as toxic as pentobarbital sodium, about two- 
thirds again as toxic as phenobarbital sodium 
and three times as active as barbital’ sodium. 

In dogs nephrectomy had no apparent effect 
on the duration of hypnosis due to sec-butyl] ethyl 
barbituric acid. 

Its hypnotic action is shorter than that of 
phenobarbital sodium but longer than that of 
pentobarbital sodium. Forty per cent of the LD» 
caused hypnosis lasting approximately seven 
hours in dogs, two hours in rabbits, and three 
hours in albino rats. 

Like other barbiturates, a Jarge dose injected 
intravenously in a dog will cause a fall in blood 
pressure, cutaneous vasodilatation, a decrease in 
the general tonus of the intact gut and a decrease 
in the activity of the uterus. On segments of 
excised rabbit and cat intestine sec-butyl ethyl 
barbituric acid was less depressant than pento- 
barbital sodium but more depressant than pheno- 
barbital sodium. This barbiturate was also more 
depressant on the vagus nerve of the terrapin and 
on the frog’s heart than phenobarbital sodium but 
less depressant than pentobarbital sodium or 
ethyl n-butyl barbituric acid (neonal). 

The effect of digitalis (gitalin) in hemorrhagic 
shock in dogs. H. B. Haac and I. Ta.iaFrerRo. 
Dept. of Pharmacology, Medical College of Vir- 
ginia, Richmond. Under Dial anesthesia the aver- 
age fatal dose of gitalin (Verodigen) by intra- 
venous injection was determined on normal dogs 
and on dogs in which hemorrhagic shock had been 
produced by the method of Govier (J. Pharmacol. 
72: 317, 1941). 

For six normal dogs the fatal dose of gitalin was 
0.92 mg. per Kg., with an injection time of 87 
minutes. For six dogs which had been hemorrhaged 
3.6% of their bodyweight, the value was 0.85 mg., 
with an injection time of 80 minutes. All figures 
are averages for the respective groups. Since there 
is no statistically significant difference between 
the two fatal dose values, it appears that previous 
hemorrhage does not affect the lethal dose of 
gitalin in dogs. 

A series of experiments was next performed in 
which all animals were hemorrhaged to shock 
levels (50-60 mm. Hg maintained for 30 minutes). 
Half of the animals were then treated with gitalin 
(15-40% of the average fatal dose intravenously) 
and the controls received corresponding volumes 
of saline. Three of these were “‘paired’’ exper'- 
ments; in these the average volume of hemorrhage 
in the controls was 4.2% of the bodyweight, in the 
treated 4.6%. Survival time for the controls was 
126 minutes; treated, 140 minutes. The injectio 
of gitalin usually provoked a transient rise i! 
blood pressure. The results of all these experiments 
are in general agreement with Blalock (Arch: 
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Surg. 15: 762, 1927) who observed no beneficial 
effect from digitalis given to dogs after severe 
hemorrhage, although unlike Blalock’s experience, 
evidence of a particularly harmful influence was 
not noted. 

The relative efficiency of central nervous system 
stimulants in respiratory depression from morphine. 
CarroLt A. HanpLEY, DorENcE ENSBERG and 
H. Morrow Sweeney. Univ. of South Dakota 
Medical School, Vermillion. A comparison of the 
effectiveness of amphetamine, caffeine, and 
metrazol in antagonizing morphine respiratory de- 
pression was made on eight human subjects. A 
fairly consistent degree of respiratory depression 
was produced by the subcutaneous administration 
of 0.5 mg. per kg. of morphine sulfate. The maxi- 
mal action becomes apparent in about one hour 
and remains constant for several hours thereafter. 

As a basis for comparison, respiratory rates were 
counted and the tidal exchanges and minute 
volumes measured with the subjects under basal 
conditions. Morphine was then administered and 
the above measurements were made at half hour 
intervals. One hour after the administration of 
morphine, the stimulant was given and the ob- 
servations were again repeated. . 

The results obtained with amphetamine (0.1- 
0.4 mg./kg., subcut.) was a prompt increase in 


respiratory rate to near or considerably above the 
basal level. The tidal exchange and minute volume 
increased in proportion to the change in respira- 
tory rate. The action of metrazol (3-10 mg./kg., 
I.M.) was uncertain. There was either no detect- 
able stimulation of respiration or a considerable 
latent period before mild stimulation became ap- 


parent. Caffeine (10-15 mg./kg., subcut., as 
caffeine sodium benzoate) usually produced some 
degree of stimulation, but its action was weak in 
comparison with amphetamine. 

The effect of bromide administered during em- 
bryonic development on learning tests in rats. BEN 
King Harnep, Hucupert ©. Hamintron (by 
invitation) and Versa V. Coxe. Dept. of Pharma- 
cology, Woman’s Medical College of Pennsylvania 
and Dept. of Psychology, Temple Univ., Phila- 
delphia, Pa. Sodium bromide was administered 
to pregnant rats from the 3rd through the 20th 
day of gestation. The daily doses per kilogram 
of body weight were: group II, 40 mgm., group 
III, 80 mgm., group IV, 120 mgm. Group 1-C, 
the controls were given no bromide. After 
birth the young rats received no bromide except 
that obtained from the milk of their mothers. They 
were weaned at 20 days of age and given their 
first maze-learning test 37 days later. Determina- 
tions of bromide, by the Brodie-Friedman method, 
on blood and urine gave normal values many days 
before the first maze-test was made. There were 
127 rats in the 4 groups analyzed for learning. 


Results of Maze Learning. From 61-85 days each 
animal was given two trials per day in a five cul- 
de-sac U-maze. The criterion of errors shows a 
positive relationship between the number of 
errors and the strength of the bromide doses. 
The criterion of time shows that the group which 
received the highest dose of bromide was sig- 
nificantly slower than each of the other groups but 
the other groups did not differ reliably among 
themselves. 

The 3-Table Test. This test consisted of daily 
runs for 18 days and was started when the rats 
were approximately 106 days of age. For each 
criterion; error scores, time scores, and “‘passing’’ 
the control group did much better than the 
bromide groups. 

Influence of sex upon resistance to ouabain in the 
rat. HaraAup G. O. Houck and Kazvo K. Kimura 
(by invitation). Dept. of Physiology and Pharma- 
cology, College of Pharmacy, Univ. of Nebraska, 
Lincoln. Ouabain, 1 per cent in 0.9 per cent NaCl 
solution, was injected subcutaneously into 885 
albino rats. The LDw’s were alike in the two sexes 
at the age of 1 month, but at 2 months the females 
required 23, at 4 months 97 and at 9-11 months 33 
per cent more than corresponding males. In con- 
trast to ouabain, average lethal doses of stro- 
phantin K were similar in the two sexes in 83 six 
to ten months old rats. Sex-difference to ouabain 
was also readily shown by administering 5 to 7 
mg. per Kg. (Penick Optimo or Merck) every 5 
(but not 10) minutes subcutaneously or intraperi- 
toneally, or 2.5 mg. per Kg. intravenously every 
3 minutes to normal or pentobarbitalized rats; 
but not to rats under urethane anesthesia. 

The larger males have relatively smaller hearts 
than females of similar age; however, results with 
males and females of the same size or with ad- 
ministration of ouabain per estimated heart in- 
stead of body weight still showed significant sex- 
difference. 

Using intravenous administration, pentobarbi- 
tal anesthesia and groups of 12 rats, spaying 
lowered the resistance to ouabain significantly so 
that no sex-difference was present between cas- 
trated males and females, though marked between 
normal males and females. However, in 2 other 
experiments upon smaller groups and with differ- 
ent techniques, spaying had no certain effect. 
Castration of male rats in 3 experiments had no 
significant effect upon tolerance to ouabain, nor 
did ‘administration of estrogenic hormones to one 
small group of spayed females alter the resistance. 
A significant sex-difference existed between uni- 
laterally adrenalectomized rats. [This work was 
aided by a grant from the Committee on Therapeutic 
Research, Council on Pharmacy and Chemistry, 
American Medical Association and by supplies 
of ouabain and pentobarbital from S. B. Penick & 
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Company and Eli Lilly and Company, re- 
spectively.] 

d lysergic acid d | hydroxybutylamide 2 - a syn- 
thetic oxytocic. II. Preliminary pharmacologic 
studies. A. C. Kircuuor (by invitation), N. M. 
Puatak, N. A. Davip and (by invitation) C. A. 
Race.y. Dept. of Pharmacology, Univ. of Ore- 
gon Medical School, Portland. Initial investi- 
gation of d lysergic acid d 1 hydroxybutylamide 2 
(Methergine-Sandoz) has indicated that it is 
markedly oxytocic. Therefore further pharma- 
cologic study has been undertaken. In rats the 
human therapeutic dose (0.2 mgm.) per 10 grams 
of rat given subcutaneously had no lethal effect. 
In doses of 120 mgm. per kilogram administered 
over a period of 3 days gangrene of the tail did not 
result. In 6 dogs under light sodium pentobarbital 
anesthesia, methergine slightly enhanced the 
adrenalin effect, did not raise the blood pressure 
and, in doses ranging from 0.2 to 1.2 mgm. had 
little effect on the respiration. Using the Dreser 
apparatus in anesthetized rabbits, the respiratory 
rate and volume was found to be increased. In 
unanesthetized rabbits the respiratory rate was 
increased and but slight hyperthermia was noted 
when methergine was given intravenously in large 
doses (1.8 mgm. per kilogram). 

Studies on d lysergic acid d | hydroxybutylamide 


2—a synthetic oxytocic. I. Uterine studies. A. C. 
Kircuyor and W. M. WILson (introduced by 
N. A. David). Dept. of Pharmacology, Univ. of 


Oregon Medical School, Portland. The pres- 
ent scarcity of ergot and the small yield of 
ergonovine from the crude drug has led to the con- 
tinued investigation of the chemistry and pharma- 
cology of lysergic acid derivatives. Stoll and 
Hofmann of Basel have synthesized, among several 
other derivatives, d lysergic acid d | hydroxy- 
butylamide 2 (Methergine-Sandoz). The general 
formula for this compound, as compared with 
ergonovine, may be shown as follows: 


CH; 


CH; CH, 


R*—CONH—CH R*—CONH—CH 


CH.OH 
Methergine 


CH.OH 
Ergonovine 
R* represents lysergic acid molecule. 


In preliminary investigations methergine was 
found very utero-active on both rabbit and guinea 
pig isolated uterine strips in concentrations com- 
parable to ergonovine. Methergine did not reverse 
the adrenalin response on isolated rabbit uteri as 
does ergotamine. Relaxation of the isolated guinea 
pig jejunum was noted indicating slight adrenergic 


effect. No effect was observed on the isolated 
virgin dog and rat uteri. In a series of 22 human 
cases administration intravenously of methergine 
in doses of 0.2 mgm. in the third stage of labor de- 
creased the blood loss and time from birth of 
baby to delivery of placenta. Methergine com- 
pares favorably with ergonovine in regards to its 
oxytocic effects. 

Comparative effects of pitocin and pitocin tannate 
in oil on the intact rabbit uterus. A. C. KircHHor 
and W. M. WILson (introduced by N. A. David). 
Dept. of Pharmacology, Univ. of Oregon Medi- 
cal School, Portland. The effects of pitocin and 
pitocin tannate in oil were st&died on 8 rabbits 
using the Reynolds’ technic. as modified by 
Kirchhof and David (West. Journ. Surg., Obs. & 
Gyn. 51: 277, July, 1943). The unanesthetized in- 
tact rabbit provided with uterine fistula is used 
and recordings are obtained by photographing the 
fluctuations in a water manometer connected to a 
balloon inserted into the uterus. Pitocin tannate in 
oil given intramuscularly in doses up to 8 units 
did not on any occasion cause tetany whereas 
pitocin produced an initial tetanic stimulation 
followed by rhythmic contractions. In general, 2 
units of pitocin produced contractions, after the 
original tetany, of approximately the same height 
and frequency as 5 units, intramuscularly, of 
pitocin tannate. The onset of action of pitocin tan- 
nate was delayed from five to ten minutes but the 
duration of the full effect lasted on the average 
over two hours. Page (Proc. Soc. Exper. Biol. 
& Med. 52: 195, 1943) used pitocin tannate in oil 
clinically and felt that this preparation had the 
same inherent disadvantages as other pitocin 
preparations in the induction of labor. Dieckmann 
and Kharasch (Am. J. Obstet. and Gynec. 44: 
820, 1942), on the other hand, reported clinical 
success in labor with the use of another long acting 
pituitary preparation, solution of posterior pitui- 
tary sulfonate. Regardless of the possible clinical 
use of pitocin tannate in oil, from the experimental 
standpoint we feel that this preparation may be 3 
useful laboratory tool for the experimental evalu- 
ation of uterine antispasmotics. Investigations 
are now being continued using this drug it 
this way. 

Some circulatory effects of positive pressure 
respiration during anesthesia. P. K. KNorErel, 
J. P. Hour (by invitation), C. Quinn (by invite 


tion) and A. M. Amsrose. Depts. of Pharmacology & 


and Physiology, Univ. of Louisville School 
Medicine, Louisville, Ky. Positive pressure ane 
thesia which has been recommended for clinical 
use with nitrous oxide leads to stagnant anoxié. 
Seven barbitalized dogs respired for three hout 
from an oxygen-filled spirometer, weighted 
give a pressure 7 mm. Hg above atmospheric pre* 
sure. At the end of this period, mean arterial pre* 
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sure was 12 mm. Hg below, femoral venous 
pressure 3.7 cm. H,O above, and cardiac output 
(determined by the direct Fick principle) 56 per 
cent of the control values. The reduction in blood 
flow and increase in venous pressure did not, how- 
ever, lead to a reduction in plasma volume. In 
five similar experiments, plasma volume deter- 
mined with the dye T-1824 was 3 per cent above the 
control values after the three hour period. Hema- 
tocrit determinations indicated an increase of 14 
per cent ifblood volume, chiefly as the result of 
an inerease in red cell mass. 

Simple rapid method for the estimation of sul- 
fonamides. THEODORE Koppanyr and A. Ear 
Vivino. Dept. of Pharmacology and Materia 
Medica, Georgetown Univ., School of Medicine. 
Hallay applied Runge’s aniline test to the qualita- 
tive detection of sulfonamides using wood fiber 
paper (limit of sensitivity 1:10,000). Bogen used 
the same test for qualitative urine analysis. 

White wood fiber paper obtained from a single 
source was used for the semi-quantitative estima- 
tion of sulfonamides in urines, blood filtrates, 
plasma, serum and other body fluids. The general 
technique of the test is as follows: Porcelain white 
color reaction spot plates having uniform hemi- 
spherical depressions in the glazed surface were 
used for comparing the colors developed on uni- 
form circular test papers cut with a punch. Stand- 
ard solutions of sulfonamides from 0.1-10 mg. 
per cent in dilute HCl or trichloracetie acid (0.5 
ce total volume) were placed in the depressions of 
the spot plate and circular test paper then added. 
The orange yellow colors developing on the test 
paper varied directly in intensity with concen- 
tration. This step was necessary to accustom the 
observer’s eye to the gradations of the yellow color 
of the test papers. Volumes of 0.5 ce of acidulated 
urines, blood filtrates, plasma, serum or saliva were 
placed in the depressions and the color on the 
paper matched against the color of the paper 
placed in the appropriate standard solutions. Care 
must be taken that the acidity be approximately 
the same in the standards and test samples. 

Comparing the color of the test paper of the 
unknown with standards such as 0.3, 0.5, 1.0, 3.0, 
5.0, 10 and 20 mg. per cent will immediately de- 
termine the approximate range of concentration 
of the unknown, which then may be more accu- 
tately read by comparing with intermediate stand- 
§ «rds or by standard colorimetric procedures. 

The maximum sensitivity of this test is about 
one part per million and is at least as specific as 
the diazotization tests for sulfonamides. 

_ The pharmacology and anesthetic properties of 
Ispropenyl vinyl ether (propethylene ether). JoHNn 
C. Krantz, Jr., C. Jenuerr Carr, Amos G. 
Horney and Wiiui1am E. Evans, Jr. Dept. of 
Pharmacology, School of Medicine, University of 


Maryland. Isopropeny! vinyl ether (Propethylene 
Ether) which is isomeric with Cyprethylene Ether 
or cyclopropyl vinyl ether is a volatile, colorless 
liquid with a characteristic ethereal odor. It boils 
at 55°C. and has a specific gravity of 0.786 at 
20°C. The compound exhibits anesthetic properties 
when administered to various species of laboratory 
animals. Its potency is three to four times that of 
ethyl ether. In man, Propethylene Ether produces 
good surgical relaxation and its anesthetic syn- 
drome is marked by the rapidity with which the 
patient recovers from the anesthesia. 

Irreversible damage of the central nervous system 
by barbiturate in cats. StrepHEN Krop (by invita- 
tion) and Harry Goup. Dept. of Pharmacology, 
Cornell Univ. Medical College, New York, N. Y. 
In a recent study of iso-amyl §-bromallyl bar- 
bituric acid, a permanent and irreversible damage 
of the central nervous system was observed in cats. 
The compound was administered by vein, by 
mouth, and by rectum to a total of 210 cats in 
doses varying from 30 to 200 mg. per kg., the 
lowest dose being in the range of human thera- 
peutic doses. Approximately 50% of the animals 
died. Of the survivors, about 7% showed motor 
and postural disturbances suggesting diffuse in- 
volvement of the central nervous system which 
continued for several months, the animals in 
other respects remaining well. These permanent 
changes in the central nervous system resulted 
from doses as low as 30 mg. per kg. They were not 
related to the depth or duration of the narcosis. 

The study was then extended to explore the pos- 
sibility of this phenomenon in the case of other 
barbiturates in common use, namely, seconal 
(similar to the above barbiturate but without 
bromine), pentobarbital (a rapidly acting barbi- 
turate), pernoston (similar to the first barbiturate 
except for the iso-butyl taking the place of the 
iso-amyl group), and phenobarbital, a representa- 
tive barbiturate of long duration of action. For 
these experiments, 110 cats were used, approxi- 
mately equally distributed between the various 
compounds. These doses varied from 30 to 200 mg. 
per kg. by oral administration. One-third of the 
animals died. The survivors recovered completely. 

The iso-amyl 8-bromallyl barbituric acid was 
tested in 20 dogs with 30 mg. per kg. by mouth. In 
these also the recoveries were complete. 

These results indicate that some barbiturates 
are capable of producing permanent damage of the 
central nervous system in the cat. The dog seems 
to be resistant. 

The metabolic fate of procaine in the dog. 
Epwarp Larson. Dept. of Pharmacology, Temple 
Univ. School of Medicine, Philadelphia, Pa. The 
object of this investigation was to recover pro- 
caine or its metabolic products in pure form from 
urine of animals which had received the drug. 
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Dunlop (1935), Goldberg et al. (1943) and others 
have reported the elimination of compounds which 
give positive chemical tests for procaine and p- 
aminobenzoic acid. Recently Kisch et al. (1943) 
have isolated p-aminobenzoic acid from human 
serum. 

In the present study, a total of 10 gm. of pro- 
caine hydrochloride was given subcutaneously to 
two, twelve kilogram dogs over a period of three 
days and urine was collected daily for ten days. 
Quantitative analysis indicated that virtually all 
of the procaine is eliminated as such, as p-amino- 
benzoic acid, or their equivalent in the form of an 
unconjugated primary aromatic amine. The urine 
was extracted in continuous extractors in alkaline 
and acid mediums with ethyl ether, ethyl acetate, 
petroleum ether or benzene. Though ethyl ether 
was the most satisfactory, only small amounts of 
material could be recovered. Chemical tests on 
extracts from an acid medium of the urine from 
the first 5 or 6 days indicated the presence of an 
amine, presumably p-aminobenzoic acid and of 
small amounts of procaine in extracts from an 
alkaline medium. Tests for local anesthetic ac- 
tivity were positive with extracts from an alkaline 
medium but attempts to crystallize procaine or 
any of its products were not successful. Extrac- 
tion of dried urine with volatile solvents gave no 
further information. No aminohippurie acid or 
glycuronates could be isolated. 

The subcutaneous implantation of sulfamerazine 
and sulfadiazine in mice. ALBERT R. Latven (by 
invitation) and ArNotp D. Wetcn. Dept. of 
Pharmacology, Medical-Research Division, Sharp 
and Dohme, Inc., Glenolden, Pa. Chemothera- 
peutic evaluation of sulfonamides in vivo requires 
the maintenance of essentially constant concen- 
trations of sulfonamide in the blood of infected 
animals. This has been attained in mice by the 
subcutaneous implantation of pellets (25 mgm. 
sulfamerazine or sulfadiazine and 5 mgm. methyl 
cellulose) which produced a peak sulfonamide 
concentration in the blood within 24 hours; the 
concentration fell rapidly, leveled off on about the 
fifth day, and thereafter decreased very gradually. 
This “plateau”? concentration varied with the 
number of pellets implanted and was used for the 
chemotherapeutic evaluation of sulfamerazine 
and sulfadiazine. Twice as many pellets of sulfa- 
diazine as of sulfamerazine were required to pro- 
duce similar concentrations in the blood. About 
seven days after implantation mice were bled from 
the tail for the determination of the concentration 
of free sulfonamide and injected intraperitoneally 
with a suspension of virulent organisms. The 
mortality was recorded over a period of seven 
days; the percentage of mice surviving infection 
was plotted against blood concentration and the 


SBC, (Survival Blood Concentration 50 per cent) 
was calculated. 

Preliminary results with streptococcal and 
pneumococcal infections indicate that this tech- 
nique is well adapted to the evaluation of sul- 
fonamides such as sulfadiazine and sulfamerazine, 
which are slowly excreted by the kidneys. It 
has not been possible to maintain effective 
‘“‘plateaued’’ blood levels with the more rapidly 
excreted derivatives of sulfanilamide, such as 
sulfathiazole. ¢ 

Factors influencing the absorption of mercury 
from calomel ointments applied to the skin. Epwin 
P. Laue, EvizaperH AuGcHey and Ernest J. 
UMBERGER (introduced by Herbert O. Calvery). 
Division of Pharmacology, Food and Drug Ad- 
ministration, Federal Security Agency, Washing- 
ton, D. C. Inunction of rat and rabbit skin with 
various types of calomel ointments resulted in 
prompt increase in mercury concentration of 
liver and kidney, roughly proportional we believe 
to amounts absorbed. Using a procedure wherein 
exposure area, inunction time, period of contact, 
and amount of calomel per kg. body weight were 
kept constant, the effect of factors influencing the 
penetration of mercury through the skin were 
studied. Poor absorption of mercury was noted 
from lanolin (hydrous or anhydrous), mineral oil 
and petrolatum; good absorption from lard and 
corn oil. A paste of propylene glycol and calomel 
gave outstanding absorption; by contrast, a paste 
of water and calomel gave poorest absorption. 
Combinations of some of the above vehicles 
showed that while lanolin by itself was poor, 4 
50-50 mixture with lard gave mercury abgorption 
better than from either alone. Dilution of an oit- 
ment base with a solid, such as sulfathiazole or 
talcum, materially reduced absorption of mer- 
cury; in fact, ‘‘stiffening’’ by other means ap- 
peared to exert a similar effect. The state of 
subdivision of calomel proved important;  sig- 
nificantly more mercury penetrated from mi- 
cronized than from ordinary powdered calomel. 
Covering the inuncted area with a more or less 
air-tight rubberized cloth increased mercury ab- 
sorption, not only from water soluble but also 
from grease bases. It would appear that the type 
of base, whether grease, vanishing cream or cold 
cream, is not the principal factor in the absorption 
of mercury. 

Vascular permeability and fragility. III. Potenti- 
ation of toxic doses of epinephrine by sodium bi- 
sulfite as revealed by pulmonary hemorrhage: 
H. C. Lawson (by invitation) and C. H. THIENES. 
Dept. of Pharmacology, Univ. of Southern Cali 
fornia, Los Angeles. Rats of 100 to 210 grams 
were injected subcutaneously with varying dose 
of epinephrine in 1:1000 solution, with and without 
sodium bisulfite. Injections of epinephrine at on? 
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site and of bisulfite at another site were also made. 
The LDs dose of epinephrine was reported by 
Richards (Richards, R. K., J. Pharmacol. and 
Exper. Therap., 79: 111, 1943) to be 5.3 mg/K. 
In our experiments, this dose killed only 1 out of 
24 rats. The rats were subsequently killed with 
pentobarbital sodium and autopsy revealed a 
moderate degree of lung hemorrhage. Doses of 
1.06 and 2.12 mg/K caused neither death nor lung 
hemorrhage (25 rats). However, 1.06 mg/K of 
epinephrine dissolved in 1 per cent NaHSO, killed 
6 of 25 rats and produced roughly four times as 
much pulmonary hemorrhage as 5.3 mg/K of 
epinephrine given alone. Five rats were injected 
with 106 mg/K epinephrine in 2 per cent NaHSO; 
and 5 with 2.12 mg/K epinephrine in 2 per cent 
NaHSO;. These doses killed all the rats and caused 
massive pulmonary hemorrhage. 

When epinephrine in a dose of 1.06 mg/K was 
injected at one site and equivalent volumes of 2 
per cent and of 5 per cent NaHSO; were injected 
at a distant site, the animals all survived and no 
lung hemorrhage occurred. [Aided by a grant from 
Parke, Davis & Co.] 

Isopropyl alcohol: rate of disappearance from the 
blood stream. ARNOLD J. LeHMAN and HENRY 
ScHWERMA (by invitation). Wayne Univ. College 
of Medicine, Detroit, Michigan. The concentration 
of isopropyl alcohol was determined in the blood 
by distilling off the alcohol under reduced pressure 
into a solution of potassium dichromate in strong 
sulphuric acid. The reduced dichromate was esti- 
mated iodometrically. Blood isopropyl alcohol 
was followed in dogs for variable periods after the 
intravenous administration of 12.5 per cent, 25 
per cent, 50 per cent and 75 per cent of the surely 
fatal intravenous dose, representing 0.64 cc. to 
3.84 ec. per kilogram body weight. The rate of 
disappearance of isopropyl alcohol from the blood 
was found to be proportional to its concentration 
in the body. This is in contrast to ethyl alcohol 
which disappears at a constant rate. This differ- 
ence can be accounted for by elimination of iso- 
propyl aleohol by several routes as high concen- 
trations of alcohol were found in the urine, saliva 
and vomitus. 

Effect of cinchona alkaloids in pneumococcus 
infection in mice. W. S. Loewe and Harry Go xp. 
Dept. of Pharmacology, Cornell University Medical 
College, New York, N. Y. Three types of compari- 
sons were carried out testing the influence of 
cinchona alkaloids (1) on the survival rate of mice 
infected with Type I pneumococcus, (2) on that 
of sulfanilamide-treated infected mice, and (3) 
on that of penicillin-treated infected mice. Each 
experiment consisted of a group of 3 to 12 con- 
trols, and a similar group of mice simultaneously 
infected with the same dose of pneumococci and 
treated with cinchona alkaloids. One culture of 


pheumococci was used. It was distributed into 
vials and dried at low temperature in vacuo. A 
virulence test was made in the case of each experi- 
ment, and a dose of organisms used which killed 
some, but not all, the control mice. The dose of 
pneumococci, the single doses of the cinchona 
alkaloids, the intervals between then, and the 
number of prophylactic and curative doses were 
varied from one experiment to another. The doses 
of the cinchona alkaloids alone and in combination 
with sulfanilamide varied from those in the range 
of therapeutic doses for humans to toxic but sub- 
lethal doses for uninfected mice as determined in 
control experiments. The results thus far are based 
on experiments with approximately 800 mice. 
The results are summarized in the table. 


| No. of 

| experi- 
| ments 
| 


Average 
P.M.D. 


+18.3 
+15.0 
—33.3 
—14.5 
—42.0 
+72.0 
| +8.5 
| 15.5 
| +58.3 
+20.0 


! 


Quinine 

Quinidine.... 

Optochin..... ; 

Sulfanilamide 

Penicillin ....... eer 
Quinine + Sulfanilamide.. 
Quinidine + Sulfanilamide 

Optochin + Sulfanilamide ............ 
Quinine + Penicillin.......... 
Quinidine + Penicillin 


—_ 
uo 


- 


—-rP woe Oe 





P.M.D. (—) diminished mortality; (+) increased mortality. 


The influence of treatment on infected animals 
is indicated by a change in the mortality rate and 
is expressed as the percentage difference (P.M.D. 
—average of several experiments) between the 
per cent mortalities of the treated and correspond- 
ing control groups. 

In the borderline doses used, optochin, sulfanil- 
amide, and penicillin produced relatively small 
improvement in the mortality rate as was to be 
expected. It may be noted, however, that quinine 
and quinidine not only diminished the recovery 
rate from pneumococcus infection but diminished 
the recovery rate in the sulfanilamide and 
penicillin-treated animals. 

Pitressin tannate on water exchange of dogs. 
EstHeER Macunua (by invitation), CLIrroRD 
SPINGARN (by invitation) and Micnare. G. 
Mutinos. Dept. of Pharmacology, College of Phy- 
sicians and Surgeons, Columbia Univ., New York. 
The antidiuretic effect of a single intramuscular 
dose of pitressin tannate in oil (PTO) persists for 
24 to 48 hours in contrast to 3 to 6 hours for the 
aqueous preparation. Eight normal dogs received 
daily injections of 5 units (1 ec) of PTO. The urine 
volume decreased 8 to 30 per cent while its specific 
gravity rose and water intake decreased 8 to 40 
per cent. The urine chloride excretion did not 
change during the injections. There was no altera- 
tion in hemoglobin, hematocrit or NPN values or 
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in plasma specific gravity. On the first day, 5 of 
the dogs showed no change in urinary output, an 
increase in the excretion of chloride of 10 to 20 
m. eq. There was a decrease in the water intake of 
3 of the dogs, probably due to the loss of solute 
in the urine. 

A water load of 25 ce per kilo given by stomach 
tube was retained maximally. The dogs refused 
water for 24 to 48 hours after such a test. 

When PTO injections were discontinued, the 
fluid balance returned to normal in 2 to 7 days 
depending on the number of injections (7 to 21) 
However, as long as 9 days after discontinuance 
of PTO a water load given as above was completely 
retained. 

When the dogs have recovered completely from 
the effects of PTO and are then limited to a water 
intake like that taken voluntarily during the 
PTO, they become extremely thirsty, but the 
blood and urinary findings are analogous to those 
under PTO. 

Influence of diethylstilbestrol upon the effects 
of small doses of vasopressin. D. F. Marsu (by 
invitation), R. A. Woopsury and B. E. ABREU. 
Dept. of Pharmacology, Univ. of Georgia, School 
of Medicine, Augusta. Stilbestrol administra- 
tions (3 mg./kg. per day in man and up to 55 
mg./kg. per day for 6 days in experimental 
animals) markedly modify the effects of pitressin 
in the male and female of man, dog and rabbit. 
The antidiuretic and pressor actions become 
more pronounced and prolonged. Small doses of 
pitressin which do not appreciably influence elec- 
trocardiograms in control experiments do have 
pronounced effects after 24 hours or more of re- 
peated doses of stilbestrol. The P-R interval may 
be lengthened, partial heart block sometimes oc- 
curs, extrasystoles may occur, and the T wave 
may be changed. The diphasic blood pressure 
change showing transient reduction in the arterial 
pressure commonly obtained with large doses of 
pitressin, is produced by small doses whenever 
experimental animals have been pretreated with 
large doses of stilbestrol. 

This modification of the activity of pitressin is 
not present immediately after the administration 
of stilbestrol even though the stilbestrol was 
injected intravenously. It is present 24 hours after 
the first stilbestrol administration though most 
observations were made after 36 to 100 hours of 
stilbestrol administrations. 

These data are in accord with the histological 
observations that estrogens increase the renal 
toxicity of large doses of vasopressin (Byrom, 
Lancet 1: 129, 1939). Pre-eclamptic patients also 
are unusually responsive to vasopressin (W. J. 
Dieckmann, Toxemias of Pregnancy, pp. 131-133, 
C. V. Mosby Co.). [This work was aided by a grant 
from Burroughs-Wellcome & Co., Inc.] 
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Toxicological studies of phthalylsulfathiazole. 
Pau A. Martis and WiLpuR M. BEnson (intro- 
duced by A. D. Welch). Dept. of Pharmacology, 
Medical-Research Division, Sharp and Dohme, 
Inc., Glenolden, Pa. Phthalylsulfathiazole, 2- 
(N‘-phthalylsulfanilamido)-thiazole, produced no 
oral toxicity in mice in doses of 10 grams per kgm., 
and caused a 2 hour concentration of 2.4 mgm. free 
and 4.1 mgm. total sulfathiazole per 100 cc. of 
blood. In commercial rations, levels of less than 
10 per cent caused no depression in the growth rate 
of rats over a period of 30 days. 

Monkeys given oral doses of 5.0 grams per kgm. 
per day (6 doses) for 30 days demonstrated no 
histopathological changes, but showed anorexia 
and weight loss; smaller doses produced no toxic 
manifestations. Peak concentrations of 0.9 mgm. 
free and 1.4 mgm. total sulfathiazole per 100 cc. 
of blood were produced. An average of less than 1 
per cent of the dose of 5 grams per kgm. was ex- 
creted in the urine. 

Sodium phthalylsulfathiazole administered in- 
traperitoneally to monkeys, daily for 10 days, in a 
dose of 0.1 gram per kgm., produced average 1 
hour blood concentrations of 3.4 mgm. free and 
11.6 mgm. total sulfathiazole per 100 cc., with an 
average of 60 per cent of the dose excreted within 
8 hours. A mild nephrosis was the only manifesta- 
tion of toxicity. Toxicity increased progressively 
with dosage (0.1, 0.33, and 1.0 gram per kgm. 
daily), and was accompanied by pathological 
changes limited primarily to the kidneys. 

The low concentrations in the blood and the 
low oral toxicity result from the meager absorp- 
tion of phthalylsulfathiazole from the gastro- 
intestinal tract and its rapid excretion by the 
kidneys. 

An experimental design for the biological assay 
of epinephrine. Wm. T. McCuiosky, Bert J. Vos, 
Jr. and R. BLACKWELL SMITH, JR. (by invitation). 
Division of Pharmacology, Food and Drug Ad- 
ministration, Federal Security Agency, Washing- 
ton, D. C. The present official (U.S.P. XII) method 
for the biological assay of epinephrine employs 
the principle of assay by successive approxima- 
tion. Methods based upon this principle are waste- 
ful of data in that no use is made of responses 
which fail to satisfy the criterion of equality, 
and also in that the design does not permit an 
easy, exact estimate of the reliability of individual 
determinations. 

A more efficient design, similar to that proposed 
by Bliss and Marks (Quart. J. Pharm. Pharmacol., 
12: 182, 1939) for insulin, consists of using tw 
dosage levels, differing by 50 per cent, for both the 
standard and the unknown preparations. Each 
dose is given four times, the order being deter- 
mined by assigning the doses at random to a four 
by four latin square. Factorial analysis of the 
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responses gives the most probable potency of the 
unknown preparation, and the standard error of 
this observed potency is determined by means of 
the analysis of variance. 

Using the experimental design and method of 
analysis of data outlined above, ten solutions of 
known potency, ranging in strength from 55 to 140 
per cent of the standard, were assayed on dogs 
meeting the Pharmacopoeial requirements regard- 
ing sensitivity. The maximum deviation of po- 
tency found from the actual potency was 14.5 per 
cent, the minimum was 0.5 per cent, and the mean 
was 4.9 per cent. 

Evaluation of the laxative effect of some com- 
monly used laxative substances: with particular 
reference to dosage. H. A. McGuiean, F. StTeic- 
MANN and J. A. Dyniewicz. Dept. of Pharma- 
cology and Therapeutics and Internal Medicine of 
the Univ. of Illinois College of Medicine and the 
Cook County Hospital, Dept. of Therapeutics, 
Chicago. The laxative effect of phenolphthalein, 
cascara sagrada, magnesium sulfate, Karaya gum 
and bran was tested on normal subjects and on 
patients complaining of constipation. The dose 
used was that given in the Pharmacopaeia but in 
the case of phenolphthalein and cascara, larger 
doses were also tested. The results show that the 
official doses for phenolphthalein and cascara were 
too small to produce a laxative effect in over 50% 
of the cases; only when the dose was doubled and 
in constipated patients trebled, did the majority 
of patients have a laxative effect. The laxative 
effect was also evaluated from patient’s impression 
of the effect; and also, in some instances, by deter- 
mining the weight and moisture content of the 
stools. The patient’s statement correlated fairly 
closely with the results obtained by determina- 
tions of the weight and moisture of the stools. It 
appears therefore that the Pharmacopaeial dose 
of both phenolphthalein and cascara is not suffi- 
ciently large to produce a laxative effect. 

d-Tubocurarine Cl. and the liberation of the 
vagus substance in the turtle heart. A. R. McIn- 
TYRE and Ray E. Kine (by invitation) .Univ. of 
Nebraska Medical College, Omaha. A physiological 
solution containing 0.03 per cent KCI and buffered 
to pH 6.8 was found to be compatible with both 
turtle and frog hearts. Each continued a normal 
rhythm for several hours when perfused with this 
solution. When the hearts were arranged so that 
the turtle heart was perfused by means of a can- 
nula inserted into the sinus venosus and the per- 
fusate led into the frog heart by means of a Straub 
cannula, the hearts survived for the greater part 
of a day. Stimulation of the turtle vagus caused 
arrest of both hearts both before and after appli- 
cation of d-Tubocurarine to the doner heart. 3.0 
mgs. of*d-Tubocurarine Cl. (sufficient to curarize 
110 Kg. dog) applied to the turtle heart did not 


abolish the vagal action and the perfusate caused 
arrest of the frog heart. Atropine applied to the 
frog’s heart prevented any action of the perfusate 
obtained from the turtle’s heart. These results 
show that d-Tubocurarine Cl. does not interfere 
with the liberation of the vagus substances in the 
turtle heart. 

Influence of d-Tubocurarine-Cl. on the libera- 
tion of potassium from frog skeletal muscle. A. R. 
McIntyre and Ray E. Kine (by invitation). 
Univ. of Nebraska Medical College, Omaha. Pairs 
of frog-gastrocnemius muscles were placed in 
beakers with a small amount of De Boer’s solution 
(a modified Ringer solution). After equilibration 
in the beaker for 28 minutes, one muscle was stimu- 
lated indirectly for 7 minutes with a tetanic stim- 
ulus. The other muscle was allowed to remain in 
the solution, as a control, without stimulation for 
an equivalent length of time. The same procedure 
was carried out with another pair of muscles of 
equal weight, but to each beaker containing the 
muscle and solution was added one part per thou- 
sand of crystalline d-Tubocurarine Cl. The mus- 
cles were removed at the end of 35 minutes and 
the potassium content of the solutions determined. 
All the muscles lost potassium. The muscles in the 
beakers to which curare has been added lost more 
potassium than their corresponding non-curarized 
pairs. The muscle exposed to curare and indirectly 
stimulated lost approximately twice as much 
potassium as the muscle indirectly stimulated and 
not exposed to curare. It is concluded that curare 
augments the rate of loss of potassium from muscle 
in vitro under the conditions of the experiment 
both in indirectly stimulated and non-stimulated 
muscles. 

The comparative toxicity of the veratrum alka- 
loids. Rararet Menpez ! (introduced by Otto 
Krayer). Dept. of Pharmacology, Harvard Medi- 
cal School, Boston. Although pure veratrum alka- 
loids were repeatedly compared in the past as to 
their activity in intact, unanesthetized mammals 
(1), none of the investigators had available pure 
substances in sufficient number and quantity for 
the method of comparison chosen to present satis- 
factory information as to the relative potency of a 
larger series of these alkaloids under identical 
experimental conditions. 

We examined the following pure substances: 
Protoveratrine, protoverine, germine, jervine, and 
rubijervine, from Veratrum album, Linn.; and 
veratridine and cevine, from Veratrum Sabadilla, 
Retz. 

To utilize fully the limited quantities of the 
alkaloids available, white mice of both sexes, 
weighing from 15 to 30 grams, were used, and each 
dose was injected to a group of six animals by way 
of the tail vein. Injections were always made in a 
period of exactly ten seconds, and the strength of 
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the solutions was adjusted so as to contain the 
dose in a volume of 0.1 to 0.4 cc. Protoveratrine, 
veratridine, cevine, germine, and protoverine were 
dissolved in molecularly equivalent amounts of 
hydrochloric acid, buffered to approximately pH 
7.0 with sodium bicarbonate, and injected in 0.9% 
sodium chloride. Jervine and rubijervine were dis- 
solved in a small amount of glacial acetic acid, 
buffered to approximately pH 6 with sodium bi- 
carbonate, and injected as the alkamine acetate. 
From the observed mortality for each dose, the 
deduced mortality was determined according to 
the method of Behrens (2). The normal equivalent 
deviation was determined for the percentage mor- 
tality as recommended by Gaddum (3), and the 
average lethal dose, or L.D. 50, was read from the 
straight line obtained by plotting the logarithm 
of the dose against the normal equivalent devia- 
tion (see table 1). 


TABLE 1 


The toxicity of the veratrum alkaloids (mice, intravenous 

injection) 

L.D. 50 
(milli- 
mols/ 
kgm.) 





| | 
| L.D.50 
| (mgm./| 


Substance Empirical 


formula 


3} 0.000064 
0.000628 
0.0219 
| 0.170 
| 0.170 
0.274 


| 
| CaHe10i2N 
ost Cx#HyOuN | 
..| Ca7H3OsN | 
| Ce7HasO2N | 
| Ca7HasOsN | 
CoiHaOsN | | 
C27Haz09N | 525 


Protoveratrine 
Veratridine. . 
Jervine 
Rubijervine .. 
ee ae 
Eee ee 
Protoverine........ 





Rrotoveratrine, a tri-acyl-ester of protoverine, 
is ten times as toxic as veratridine, a mono-acyl- 
ester of cevine. The alkamines, which are all Cz; 
compounds, are much less toxie than the ester 
alkaloids. The toxic doses (L.D. 50) of jervine, 
rubijervine, cevine, germine, and protoverine are 
in the rates of 3, 2, 2,3, and 4. There are conspicu- 
ous qualitative, as well as quantitative, differ- 
ences, not only between the ester alkaloids and 
the alkamines as groups, and between the two 
ester alkaloids, but also among the alkamines. 
[This work was done under the auspices of the 
Univ. Committee on Pharmacotherapy.) [Dr. W. A. 
Jacobs generously supplied all the alkaloids except 
veratridine, which was prepared by R. P. Linstead 
and D. Todd.) : 

REFERENCES: (1) Fax, E. See Freunp, M., 
AnD H. P. Scuwarz. Ber. d. deutschen chem. 
Gesell. 1899: 800; Hernz, R. See Freunp, M. Ber. 
d. deutschen chem. Gesell. 37: 1946, 1904; Haas, 
H. T. A. Arch. f. exper. Path. u. Pharmakol. 189: 
397, 1988; Menpez, R., and G. Montes. J. Phar- 
macol. and Exp. Therap. 78: 238, 1943. (2) Brn- 
RENS, B. Arch. f. exper. Path. u. Pharmakol. 140: 
237, 1929. (3) Gappum, J. H. Med. Res. Coun. 
Spec. Rep. Ser. No. 183, 1933. 


Antagonism of the antibacterial action of atabrine 
and propamidine in vitro by spermine and spermi- 
dine. A. Katurine MILLER, LAWRENCE PETERS 
and D. K. BossHarpr (introduced by A. D. 
Welch). From the Depts. of Pharmacology and Bio- 
chemistry, Medical-Research Division, Sharp and 
Dohme, Inc. Glenolden, Pa. Silverman and Evans 
(J. Biol. Chem. 150: 265, 1943) have described 
antagonism of the antibacterial action of atabrine 
with spermine or spermidine. We have found that, 
although M/2000 atabrine in bactopeptone me- 
dium completely inhibited the growth of Esch- 
erichia coli during an incubation of 96 hours, the 
addition of M/2000 or M/4000° spermine or sper- 
midine (isolated from pancreas) to M/2000 ata- 
brine caused visible growth in 5 to 6 hours; control 
tubes showed a similar turbidity in 4 hours. Meas- 
uring turbidities photoelectrically at the time 
when maximal growth in the control tubes was 
just attained, and using a level of atabrine 
(M/4000) that barely allowed growth, complete 
reversal of atabrine inhibition was not produced 
by the compounds. Antagonism of 1 mol of ata- 
brine was incomplete with approximately 0.4 mol 
of spermine; with spermidine, 1 mol; with larger 
amounts antagonism was not increased and with 
putrescine antagonism was absent. In this medium 
M/2000 spermine slightly inhibited growth, an 
effect not noted with spermidine or with M/10,000 
spermine. 

In salt-glucose-asparagine medium, allowing for 
the stimulation of growth caused by both spermine 
and spermidine, partial antagonism was produced 
by approximately 5 mols of spermine or of sper- 
midine to 1 mol of atabrine. In both media sper- 
mine and spermidine slightly antagonized pro- 
pamidine inhibition but had no effect on the 
inhibition of quinine, sulfanilamide or sulfathia- 
zole. Mapharsen apparently reacted chemically 
with spermine since a brown color developed on 
incubation of mixtures. 

Potency of sodium dehydrocholate (decholin so- 
dium) as a diuretic agent in man. WALTER MopeELL 
(by invitation) and Harry Gop. Dept. of Phar- 
macology, Cornell Univ. Medical College, New 
York, N. Y. This was investigated in a group of 25 
ambulant patients with advanced heart failure, 
who were only partly relieved by digitalis and who 
showed marked additional improvement. with 
potent diuretics. The effect of decholin sodium ina 
dose of 2 grams in a 20 per cent solution was con- 
pared with that of mercupurin intravenously. 4 
dose of mercupurin was alternated at weekly inter- 
vals with a dose of decholin or a mixture of decho- 
lin and mercupurin. There were in all about 200 
injections. The effect was measured by the loss of 
body weight in the 15 hours following the dose. 

The results fall into 3 groups: 

(1) Sensitive patients losing an average of 44 
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lbs. after 1 cc. mercupurin. In these the effect of 
decholin was 40 per cent (14 to 66) as great. 

(2) Resistant patients showing no greater 
weight loss (4.3 lbs.) after twice the dose of mercu- 
purin (2 cc.). These were also more resistant to 
decholin, the effect of the same dose being only 21 
per cent (3 to 33) as great. 

(3) The mixture of the two drugs produced a 
diuretic effect which was substantially a summa- 
tion of the effects of each. 

In one patient the decholin produced an imme- 
diate reaction; flushing, giddiness, and vomiting. 
All experienced the bitter taste. 

From determinations of the blood NPN and 
urinalyses at intervals of two weeks during the 
course of the study, there was no indication that 
the mercupurin or the decholin produced any renal 
damage. 

The effect of sulfonamides on the central nervous 
system in dogs. CHARLES F. MorGan, SAMUEL A. 
Corson, A. Earut Vivino and THEODORE Kop- 
PANY. Dept. of Pharmacology and Materia Medica, 
§ Georgetown Univ., School of Medicine. Sulfathiazole 
(3-7.5 grams/kg.), sulfapyridine (1.5-4 grams/kg.), 
and sulfanilamide (3 grams/kg.) were adminis- 
tered orally to 20 dogs in mucilage of acacia sus- 
pensions. 

Sulfathiazole (9 dogs) produced no visible toxic 
symptoms beyond salivation, nausea, vomiting 
and some lassitude. 

Sulfapyridine (3 dogs) produced salivation, nau- 
sea, vomiting, slight or no ataxia, marked mydria- 
sis and abolition of pupillary light reflex, and after 
2-3 hrs. marked clonic convulsions recurring at 12 
minute intervals for small doses—higher frequen- 
cies for larger doses. Between attacks those receiv- 
ing the minimal dose recovered fully, showed 
normal placement and body righting reflexes, (ap- 
parently) normal vision and hearing, and occasion- 
ally a brief, tetanic convulsion. Recovery took 
place in about 8 hrs. 

Sulfanilamide (8 dogs) produced ‘‘gastro-intes- 
tinal’ toxic symptoms, ataxia, spastic gait, loss of 
placement reactions, hypalgesia or analgesia, and, 
after 3-4 hrs., a behavior indistinguishable from 
the classical decerebrate rigidity (already inti- 
mated by Hawking, and Marshall) and apparent 
absence of vision and hearing, but intact pupillary 
reflexes. Following the 2}-3 hr. period of rigidity, 
the animals sometimes collapsed (most righting 
reflexes absent e.g. deviation but no nystagmus, 
no landing reflex). Animals recovered in 7-8 hrs. 
Nembutal 3-10 mg./kg.) abolished the rigidity, 
metrazol (10 mg./kg.) restored it. One animal 
received sulfanilamide for 6 consecutive weeks 
(3 grams/kg. weekly); the onset of the nervous 
Symptoms and the recovery were progressively 
delayed to about 16 hrs. and 2-3 days respectively. 

In resumé, doses, above therapeutic levels, of 


sulfathiazole produced no apparent neurotoxic 
symptoms; of sulfapyridine—interference with the 
pupillary light reflex, clonic convulsions but no 
rigidity; of sulfanilamide—ataxia, abolition of the 
placement reactions, rigidity but no convulsions, 
and no interference with the light reflex. 

Choleretic action of certain halogenated fatty 
acids. JAmMes L. Morrison (introduced by E. L. 
Jackson). Dept. of Pharmacology, Emory Univ. 
School of Medicine, Emory Univ., Ga. The 
choleretic action of a-chloropropionic acid, 6-chlo- 
ropropionic acid, a-bromopropionic acid, 8-bromo- 
propionic acid and a-bromobutyric, injected intra- 
venously as the sodium salts in dogs lightly 
anesthetized with sodium pentobarbital, was stu- 
died, following the method previously described 
(Fed. Proc. 2:78, 1943). Ineach case, with the excep- 
tion of 6-chloroprionic acid, a dose equivalent to 
0.25 mM/Kg. resulted in a 200 to 300 per cent in 
crease in bile flow within 30 minutes. In the case 
of 8-chloropropionic this same dose (0.25 mM/Kg.) 
produced no significant increase in bile flow within 
four hours, and even trebling the dose (0.75 mM/ 
Kg.) was without effect. The sodium salts of pro- 
pionic and lactic acids had no significant choleretic 
action. In the concentrations used none of the 
compounds affected significantly either the circu- 
lation or the respiration. The choleresis observed 
was similar to that produced by ‘‘Decholin,’’ but 
was of much greater duration. 

Effect of inanition on castration cell formation. 
Leo G. Parmer (by invitation) and MicHaert G. 
Muuinos. Dept. of Pharmacology, College of Physi- 
cians and Surgeons, Columbia Univ., New York. 
Prolonged inanition results in a depression of the 
activity of the anterior pituitary gland. This re- 
sults in atrophy of those endocrine glands which 
depend for their activity upon the pituitary. The 
condition so produced has been termed ‘“‘pseudo- 
hypophysectomy”’ because it and hypophysectomy 
result in similar hormone gland atrophy. 

Castration cells did not appear in the hypophy- 
ses of rats which were severely underfed for several 
months. 

Rats were castrated and allowed to feed nor- 
mally until castration cells appeared as shown by 
a sample autopsy. These rats were then continu- 
ously underfed and autopsied at intervals of from 
6 to 265 days. Castration cells were present in the 
hypophysis of every animal, as in the fully fed 
castrated controls. Rats which had been castrated 
70 days previously were starved completely for 10 
days until moribund. The hypophyses contained 
castration cells. 

Rats were castrated and underfed for 74 days. 
Castration cells appeared in the hypophyses. 

Inanition depresses the anterior pituitary se- 
verely and the ovaries and adnexa shrink in size 
to a condition approaching hypophysectomy. 
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However, enough estrogen is produced to prevent 
the appearance of castration cells. Since during 
inanition there is nd increase in the gonadotropic 
content of the hypophyses of castrate rats (Proc. 
Soc. Exper. Biol. and Med. 41: 101, 1939) it is sur- 
mised that castration cells do not invariably indi- 
cate an increase in the gonadotropic activity of 
the pituitary. 

The relationship of the carotid and aortic mecha- 
nisms to digitalis emesis. N. W. PinscumiprT. 
Dept. of Pharmacology, Medical College of Vir- 
ginia, Richmond. The mechanism of digitalis 
vomiting is still a moot one. Hatcher has advanced 
evidence indicating that digitalis emesis results 
from afferent impulses arising in the heart. Dres- 
bach and Waddell, as well as Haney and Lindgren, 
were unable to confirm this. Haney and Lindgren 
concluded that the mechanism may be either a 
direct stimulating effect on the vomiting center 
or on other structures from which impulses pass 
via nerves other than those eliminated by them. 
Because of the importance of the carotid and aor- 
tic mechanisms in influencing reflexly certain 
medullary centers, their possible role in digitalis 
vomiting was studied in the following experiments. 

The effect of an emetic dose of digitoxin (0.15 
mg. per Kg.) was observed on seven dogs which 
had both carotid bodies and sinuses removed by 
extirpation of segments of the carotid artery from 
a point just caudal to the origin of the superior 
thyroid artery to a point slightly cephalic to the 
origin of the lingual artery. After allowing time 
for recovery from operation, the digitoxin was 
administered by intravenous injection. In every 
case vomiting was as prompt and typical after 
operation as before. 

Six of these dogs survived sectioning of one 
vagus trunk (in the neck region) and two survived 
sectioning of both vagi without change in their 
vomiting response to digitoxin. 

It is concluded that vomiting initiated by digi- 
toxin is not abolished by removal of the carotid 
bodies and sinuses and by denervation of the aortic 
mechanisms. 

An experimental study on pulmonary edema in the 
rat. Franz ReEICHSMAN (introduced by Arthur 
Grollman). Dept. of Internal Medicine, Bowman 
Gray School of Medicine, Wake Forest College, 
Winston-Salem, N. C. It has been claimed (Arch. 
ges. Physiol. 68: 231, 1932; J. Exp. Med. 117: 70, 
1939) that marked pulmonary edema may be pro- 
duced in the rat with regularity by bilateral 
cervical vagotomy. In 25 piebald rats (strain Mus 
norvegicus) we obtained pulmonary edema in only 
approximately two-thirds of our bilaterally vagot- 
omized animals. Approximately one-third showed 
either no pulmonary edema or pulmonary edema 
of such minimal degree, that it evidently could not 
account for the death of the animal. The survival 


time of many rats after bilateral cervical vagot- 
omy was much longer than was anticipated from 
the above-mentioned reports. Over one-third of 
our rats lived longer than 24 hours (up to 88 hours). 
Although these rats showed, in general, less pul- 
monary edema than those with shorter survival 
time, there was often no parallelism between the 
length of survival and the degree of pulmonary 
edema the rats developed. To determine whether 
accidental cutting of the cervical sympathetics 
was responsible for the failure of some rats to show 
pulmonary edema, the sympathetics—in addition 
to the vagi—were cut purposely in 8 rats. The 
occurrence of pulmonary ederfia and the survival 
time in this group were approximately the same 
as in a group where the vagi only had been cut. 
The effect of respiratory obstruction in vagot- 
omized rats on the appearance of pulmonary 
edema is being further studied. [Aided by a grant 
from the Dazian Foundation.] 

Dinitrophenol cataract: Production in an experi- 
mental animal. Benjamin H. Rossins. Dept. of 
Pharmacology, Vanderbilt Univ. School of Medi- 
cine, Nashville, Tenn. Horner (Arch. Ophthal. 
27: 1097, 1942), stated that all attempts at the 
production of cataracts with dinitrophenol- § 
sodium (DNP-Na) in experimental animals had 
failed. 

During our studies on the effect of chemicals 
upon the fowl-pox infection in chicks it was ob- 
served that, in chicks receiving DNP-Na in their 
feed, opacities of the lenses developed soon after 
they were placed upon the diet. 

We have followed this observation with experi- 
ments to determine: (1) the concentration of 
DNP-Na in the diet necessary for the production 
of cataracts; (2) the age of the chick during which 
the lenses were susceptible to the drug; (3) the 
site of lesions in the lens; (4) the duration of the 
pathological changes while the chick was still 
ingesting the drug. 

DNP-Na was mixed with the feed (Purina Star- 
tena) in concentrations from 0.05-0.25%; chicks 
were started on the mixtures when 10-100 days old; 
chicks were sacrificed after they had been on the 
diet from 5 hours to 50 days; chicks have been kept 
on the diet for 90 days. 

Chicks, 10-100 days old, routinely develop 
cataracts after ingesting diets containing 0.1 
0.25% DNP-Na; opacities may develop within 5 
hours and persist for 100 days while the drug 1s 
ingested; fine vacuoles appear first in the anterio! 
lens fibers—later marked lesions develop in the 
posterior portion of the lenses and these persis! 
as long as the drug has been given. 

Cataracts have been produced by DNP-Na in 
an experimental animal. 

Effect of alcohol and barbiturates on urine outpu! 
of white rats exposed to low barometric pressures. 
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HERBERT SiLverte. Dept. of Pharmacology, Univ. 
of Virginia, Charlottesville. White rats exposed 
daily to altitude equivalents of 15,000 or 25,000 ft. 
in low-pressure chambers developed a marked 
polyuria during the time of exposure. When ani- 
mals were given access to 5% or 10% alcohol as 
their sole source of drinking fluid and then exposed 
to 15,000 or 25,000 ft. altitude equivalent, they also 
showed a polyuria, which was not, however, as 
marked as that resulting when water the drinking 
fluid. This difference appeared to be due to the 
fact that the fluid intake of the alcohol-fed ani- 
mals was less than that of the controls. On that 
basis it may be concluded that the high-altitude 
polyuria developing in the alcohol-fed animals was 
relatively as great as the ‘‘water’’ polyuria. Alco- 
hol given in this manner was not diuretic, nor did 
it otherwise affect the reaction or survival of the 
animals under low barometric pressures. 

Anesthetic doses of pentobarbital-sodium re- 
duced the urine output of rats at 0 ft. This pento- 
barbital oliguria was still evident when similarly 
treated animals were exposed to an equivalent 
altitude of 15,000 ft.; in other words, the high- 
altitude polyuria did not overcome the barbiturate 
oliguria. Incidentally, it was observed that rats 
were more sensitive to barbiturates at high alti- 
tudes, and the duration of effect was greater, than 
at 0 ft. A dose of evipal or pentobarbital which was 
merely hypnotic at 0 ft. proved to be anesthetic 
at 15,000 ft.; and an anesthetic dose at 0 ft. was 
lethal at 15,000 ft. [This investigation has been 
made with the assistance of a grant from the Ella 
Sachs Plotz Foundation.] 

The prolonged administration of quinacrine (Ata- 
brine) and sulfathiazole to dogs. R. BLACKWELL 
SmirH, Jrk., LLEWELLYN WELSH and ArTFUR A. 


| NeLson (introduced by Herbert O. Calvery). 


Division of Pharmacology, and Chemical Section 
of Drug Division, Food and Drug Administration, 
Federal Security Agency, Washington, D. C. Using 
45 dogs, an experiment has been designed to evalu- 
ate effects of chronic administration of 2 and 5 
mg./kg./day of quinacrine (Atabrine), 50 and 100 
mg./kg./day of sulfathiazole, and combinations of 
the drugs at these levels. 

After one year on experiment there have been 
no clinical signs of quinacrine toxicity, aside from 
a slight, questionable tendency toward decreased 
growth. The only sign of toxicity in the sulfa- 
thiazole dogs is a conjunctivitis. No data have 
been obtained to indicate that simultaneous ad- 
administration of the two drugs is contraindicated 
Bromsulfalein tests on dogs receiving the high 
level of quinacrine, and also the high level of both 
drugs concurrently, are negative. Hematological 
Studies have yielded no positive findings to date. 
Gross and histopathological examinations of two 
dogs (not from the group of 45 mentioned above) 


sacrificed after receiving the high level of quina- 
crine for 11 months disclosed no lesions attribut- 
able to the drug. 

The quinacrine level in the blood of dogs chroni- 
cally receiving 5 mg./kg./day varies within the 
average limits of 0.075 and 0.25 mg./L., and the 
peak concentration is usually reached within 2 
hours after administration. Administration of 
sulfathiazole does not appreciably affect these 
levels. When quinacrine is withdrawn after 4 to 5 
months of medication, blood samples exhibit a 
greater than normal fluorescence for approxi- 
mately 28 days and urine samples for at least 
40 days. 

Pitressin tannate on desoxycorticosterone acetate 
hyposthenuria. CLirroRD SPINGARN (by invita- 
tion), EstHeER MacuLua (by invitation) and M1- 
CHAEL G. Muuinos. Dept. of Pharmacology, Col- 
lege of Physicians and Surgeons, Columbia Univ., 
New York. In normal dogs injections of pitressin 
tannate in oil (PTO) 5 units daily reduced the 
water exchange and raised the urine specific 
gravity. In 4 dogs made hyposthenuric by injec- 
tions of desoxycorticosterone acetate (DCA), 10 
mg. daily, PTO in daily doses of 5 to 20 units 
reduced the voluntary intake of water from 1936 cc 
to 1147 cc. The urine volume fell from 1870 ce to 
1084 ce and its specific gravity rose from 1.005 to 
1.010. The fluid exchange was reduced about 40 
per cent by PTO independently of its magnitude. 

A water load of 25 ce per kilo given by stomach 
tube to DCA dogs is excreted promptly while PTO 
does not completely inhibit its passage out of the 
kidney as it does normally. 

DCA increased the average daily excretion of 
chloride in 2 dogs and this effect was reversed by 
PTO. In 2 dogs DCA did not change the chloride 
output and PTO had no effect. 

During DCA hyposthenuria water intake lim- 
ited to that during PTO reduced the urine volume 
and raised its specific gravity similarly to that 
from PTO. Progressive reduction of the high water 
intake to the normal levels of 100 to 400 ce for 3 to 
7 days resulted in loss in weight, excessive thirst 
and dehydration. The specific gravity of the urine 
rose from 1.005 to 1.027. 

Effect of administration of large doses of vitamin 
A on the plasma vitamin A level of patients with 
renal disease. F. SrergMANN and Hans Popper. 
Dept. of Therapeutics of the Cook County Hospital 
and the Hektoen Institute for Medical Research, 
Chicago, Ill. The response of the plasma vitamin A 
level following the intake of 75,000 units of vita- 
min A was examined in 23 instances on 17 patients 
with renal disease and compared with that of hos- 
pital controls. The fasting plasma vitamin A level 
was found elevated in renal disease. The response 
to the test dose was in the majority of cases much 
more marked than in the controls. Whereas in the 
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hospital controls the elevation of the plasma vita- 
min A level returned almost to normal at the end 
of twenty-four hours, it persisted beyond this time 
limit in the renal cases. 

Effect of vitamine B, and cocarboxylase on the 
synthesis of acetylcholine in vitro. CLlara TorDA 
and Haroip G. Wotrr. New York Hospital and 
the Depts. of Medicine (Neurology) and Psychiatry, 
Cornell Univ. Medical College, New York, N. Y. 
Thiamine chloride (vitamine B;) and thiamine 
pyrophosphate (cocarboxylase) inhibit choline 
esterase (Glick and Antropol). The concentrations 
required for such inhibition are higher than those 
found in the serum, but probably do not exceed 
the concentrations present in some tissues. Re- 
markably enough, thiamine chloride, even in 
higher concentrations, does not help patients 
benefited by other inhibitors of the choline ester- 
ase (myasthenia gravis). The above observations 
suggested the investigation of the effects of the 
thiamine compounds on the synthesis of acetyl- 
choline. 

The synthesis of acetylcholine was studied fol- 
lowing the method of Quastel, Tennenbaum and 
Wheatley. Uniform samples of homogenized frog 
brains were used as a source of the enzyme, while 
human serum or human spinal fluid and the frog 
brain itself supplied the substrate. The amounts of 
free and total acetylcholine synthesized was as- 
sayed biologically with the sensitized rectus ab- 
dominis muscle of the frog. 

Both thiamine chloride and thiamine pyrophos- 
phate, in biological concentrations (3.10-*M), 
slightly increased the synthesis of acetylcholine 
(15 per cent average). Both thiamine chloride and 
thiamine pyrophosphate, in concentrations de- 
pressing the activity of choline esterase, also 
depressed the synthesis of acetylcholine. Thiamine 
chloride was a more potent depressor than was 
thiamine pyrophosphate. 

Since concentrations of vitamine B; and cocar- 
boxylase inhibiting choline esterase also inhibit 
the synthesis of acetylcholine in vitro, no signifi- 
cant aid can be expected from these substances 
for patients with disorders resulting from de- 
creased synthesis of acetylcholine. 

REFERENCES: Guick, D. anp ANTROPOL, W. 
Proc. Soc. Exp. Biol. & Med. 42: 396, 1939. Quas- 
TEL, TENNENBAUM AND WHEATLEY. Bioch. J. 30: 
1668, 1937. 

Effect of vitamine K on the activity of choline 
esterase and on the contraction of striated muscle. 
Ciara Torpa and Harotp G. Wotrr. New York 
Hospital and the Depts. of Medicine (Neurology) 
and Psychiatry, Cornell Univ. Medical College, 
New York, N. Y. Since, under physiological con- 
ditions, vitamine K has the ability to react with 
enzymes containing the —SH group (Summerson), 


the effect of vitamine K on the activity of choline 
esterase was investigated in the following. 

The activity of choline esterase was studied fol- 
lowing the method of Ammon using the Warburg 
apparatus. No significant decrease of the activity 
of choline esterase in the presence of vitamine K 
was found. Similar conclusions were drawn from 
the observation that vitamine K did not increase 
the sensitivity of the rectus abdominis muscle of 
frog to acetylcholine. 

On the other hand, vitamine K in low and higher 
concentrations (1.10~7-1.107M) significantly in- 
creased the response of the striated muscle to 
direct chemical stimuli such ‘4s potassium (25 to 
450 per cent respectively above the control). This 
increase in muscle contraction is probably due to 
changes in the metabolism of the muscle because 
of the presence of the vitamine. 

REFERENCES: SumMERSON, W. H. Federation 
Proc. 2: 72, 1948. Ammon, R. Pfliiger’s Archiv 233: 
486, 1933. 

Irritation studies on ointments. Bert J. Vos, Jr., 
Joun H. DraizE, GEorFREY WooDARD (by invita- 
tion) and Vireinra D. JoHNSON (by invitation), 
Division of Pharmacology, Food and Drug Ad- 
ministration, Federal Security Agency, Washing- 
ton, D. C. Irritancy of 230 ointments and of their 
various components was studied by means of: (1) 
patch tests on intact and abraded skin of albino 
rabbits; (2) administration into conjunctival sac 
of rabbits; (3) application to mucous membrane of 
rabbit’s penis; and (4) patch tests on man. Obser- 
vations were made at 24 hours and in many in- 
stances also at 1 and 72 hours. Irritation was 
graded on an arbitrary scale. 

With 20 ointments, each containing a different 
organic arsenical at a 0.024M concentration in 4 
vehicle consisting of 75 parts propylene glycol, 1/ 
parts glycerol monostearate and 8 parts cetyl 
alcohol, there was no significant correlation be- 
tween the results of the patch tests on man and 
any of the animal tests. In contrast, 12 ointments 
containing 15 per cent sulfathiazole and 30 per cent 
calomel in various types of bases showed signif- 
cant correlation between human patch test scores 
and those of the rabbit eye tests (r = +0.78), the 
patch tests on the intact (r = +0.58) and the 
abraded (r = +0.71) rabbit skin, but not those 
of the rabbit penis (r = +0.04). 

The majority of arsenical ointments were mod- 
erately irritating to rabbit skin, particularly whet 
abraded. Sulfathiazole and calomel ointments 
were only mildly irritating. 

Surface active agents were present in 63 oint 
ments. Concentrations above 0.5 per cent cot 
sistently increased the irritation of the ointment. 
The rabbit’s skin and more especially its cornea 
was more sensitive to irritation by these agents 
than human skin. 
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A respiratory reflex originating from the thoracic 
wall of the dog. R. W. WHITEHEAD and W. B. Dra- 
per. Dept. of Physiology and Pharmacology, Univ. 
of Colorado, Denver. Respiratory arrest was pro- 
duced and maintained for considerable periods 
by the intravenous injection of 2.5% pentothal 
sodium using a mechanical injector. Oxygenation 
was maintained during respiratory arrest by plac- 
ing 2 mouth hook flowing 12 liters of oxygen a 
minute in the dog’s mouth or by attaching a sensi- 
tive spirometer filled with oxygen and provided 
with a soda lime absorber to a tracheal cannula. 
(See accompanying abstract on diffusion res- 
piration.) 

The reflex is elicited by the application of light, 
non-deforming pressure to a localized area of the 
chest wall about 2 inches in diameter, in the region 
of the 4th rib and interspace about 1} inches from 
the midsternum. The reflex has the following char- 
acteristics: The adequate stimulus is light pres- 

| sure. The induced respiratory act is largely dia- 
phragmatic and always moves a_ substantial 
volume of gas. The reflex is inhibited by anoxia, 

} shock and very deep levels of anesthetic depres- 
sion. With lightening anesthesia, it reappears on 
an average of 4 minutes before the resumption of 
spontaneous breathing. It is a more efficient stimu- 
lus to respiration than is either tongue traction or 
anal stretching. The reflex has also been demon- 
strated in the dog in respiratory arrest produced 
by chloroform and in the dog, rabbit and rat de- 
pressed by pentobarbital sodium. 

The reflex is obtained following very light pres- 
sure applied to the lower end of the scalenus 
medius muscle and tendon, and to the upper end 
of the rectus abdominis muscle and tendon. 
Trauma to these structures causes it to disappear. 

Skin penetration and localization of sulfathiazole 
in rabbits from various ointment bases. GEorFREY 
Wooparp, CLARENCE D. Wricut, O. L. Evenson, 
RutH R. Orner, Diana S. Kramer, Paut M. 
JENNER and VirernrA D. JoHNsoNn (introduced by 
Herbert O. Calvery). Division of Pharmacology, 
Chemical Section, Drug Division and Cosmetic 
Division, Food and Drug Administration, Federal 
Security Agency, Washington, D. C. Sulfathiazole 
levels determined by the Bratton-Marshall method 
in blood samples taken 2 and 5 hours and in cathe- 
terized urine samples 34, 64 and 24 hours after 
applying the ointment to 150 cm.? of the dorsal 
clipped intact skin were used as a measure of 
penetration. 

Skin localization was determined by analysis of 
definite areas of skin taken after thorough removal 
of the ointment with soap and water. 

Ointments were tested comparatively using suit- 
ably designed experiments and sufficient animals 
80 that differences reported here are statistically 
Signficant. 


The following observations were made: (1) 
Sulfathiazole was absorbed poorly from fat or oil 
bases, slightly from water-in-oil emulsions and 
aqueous jelly, moderately from oil-in-water emul- 
sions, and best from bases with high glycol con- 
tent, propylene glycol being superior. (2) A sodium 
sulfathiazole or a micro-crystal sulfathiazole oil- 
in-water emulsion ointment failed to give absorp- 
tion comparable to the glycol bases. (3) The addi- 
tion of certain surface-active agents, notably 
sodium lauryl] sulfate or an aryl alkyl poly-ether 
alcohol improved penetration while certain others 
did not. These substances increased irritation. (4) 
Skin penetration or localization from 5% equaled 
that from 20% sulfathiazole ointments. (5) Inclu- 
sion of calomel or organic arsenicals did not effect 
skin penetration. (6) Skin localization was greatest 
with glycol bases and increased with time of con- 
tact of ointments. (7) Covering the site of applica- 
tion increased penetration. 

Influence of neostigmine on arterial pressure and 
uterine activity of eclamptic patients. R. A. Woop- 
BuRY, B. E. ABreu, R. Torpin (by invitation) and 
P. H. Friep (by invitation). Depts. of Pharma- 
cology and Obstetrics and Gynecology, Univ. of 
Georgia School of Medicine, Augusta. In 3 gravid 
eclamptic patients neostigmine reduced the arte- 
rial pressure from 185/105 to 143/83, from 220/125 
to 124/92, and from 145/82 to 100/60. In 2 gravid 
eclamptic patients neostigmine failed to reduce 
the arterial pressure. In fact it raised the arterial 
pressure 20 mm. Hg is one of these patients. This 
elevation could result from nicotinic action of 
acetylcholine. Neostigmine did not change or 
elevated slightly the arterial pressure in four con- 
trol patients: two were hypertensive patients, one 
of whom was pregnant. One was a normal control 
gravid patient and one was a 10 hours post partum 
eclamptic patient in whom neostigmine had been 
effective 20 hours earlier. 

In the gravid patients (8 to 9 months) neostig- 
mine appeared to induce labor. The uterine ac- 
tivity was normal and delivery was uncomplicated 
in 5 of the 7 patients. In the other two (multipa- 
rous eclamptic patients) the uterus became hyper- 
reactive and labor was dangerously prolonged (36 
and 48 hours). 

Individual susceptibility appeared to vary 
greatly. The drug was administered as follows: 
One to three intramuscular injections of 0.25 mgm. 
mgm. at intervals of 90 minutes followed at 
hourly intervals by one or two hourly intra- 
venous injections of 0.02 to 0.25 mgm. The 
uterine and vascular effects of neostigmine 
appeared rather suddenly but only after an elapse 
of one or two hours after the last injection. Chill 
and slight temperature elevation accompanied the 
rather sudden appearance (10 minutes) of the fall 
in arterial pressure. In the pregnant patients the 
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drug was discontinued when the manifestations of 
nicotinic effects first appeared. While this study 
offers a possible mode of treatment, it and cholines- 
terase studies in placentas from normal and pre- 
eclamptic patients (see Abreu and Woodbury, 
these abstracts) stress the importance of acetyl- 
choline activity in eclampsia. Abnormal responses 
to vasopressin may also contribute to the patho- 
logical changes in eclampsia (see Marsh, Wood- 
bury, Abreu, these abstracts). [This work was 
aided by a grant from Eli Lilly and Company.] 

The effect of atabrine on the oxygen consumption 
of rat tissues. C. I. Wricut and JEAN C. SABINE. 
Division of Physiology, National Inst. of Health, 
Bethesda, Md. Atabrine (above 0.0002M) inhibits 
the O, consumption of rat liver, kidney and brain. 
The O, consumption of liver slices from a fed rat 
first increases (+ 50 per cent) and then falls to 
approximately 5% of normal. No rise in O, con- 
sumption occurs if the rat is fasted 24 to 48 hours. 
Tissues thoroughly poisoned with atabrine are 
unable to oxidize lactate, pyruvate, citrate, 
malate or fumarate, but can oxidize succinate, 
consuming O, roughly equivalent to a conversion 
to fumarate. Atabrinized tissues also oxidize 
p-phenylene-diamine, indicating that the cyto- 
chrome oxidase system is intact. 

Atabrine inhibits Kreb’s kidney preparation of 
d-amino-acid oxidase, using dl-alanine as sub- 
strate. The prosthetic group of the d-amino-acid 
oxidase, prepared by heat or methanol treatment 
of the kidney extract, partially protects the d- 
amino-acid oxidase against atabrine. The same 
preparation, when added with atabrine to tissue 
slices, prevents the fall in O2 consumption. The 
indications are, therefore, that atabrine interferes 
with the yellow enzyme systems. . 

Tissue distribution and retention of mapharsen 
following intravenous administration. Harotp N. 
Wricut. Univ. of Minnesota Medical School. 
Maximum tolerated doses of mapharsen (15 mgm./ 
Kgm.) were administered to rats and the distribu- 
tion and retention of the drug was determined in 
eleven organs or tissues at a series of time intervals 
ranging from 15 minutes to 28 days after adminis- 
tration. 

The majority of the drug leaves the blood stream 
rapidly, the mean fraction remaining 3, 3, and 1 
hour after administration being 17.11, 26.00 and 
14.80 per cent. The tissues or organs which had 
taken up the largest amount of drug were muscle, 
small intestine (thoroughly freed of all contents) 
and kidneys, which collectively accounted for 
37.46, 40.27 and 42.31 per cent of the administered 
dose at these same time intervals. Other tissues or 
organs retaining appreciable amounts of the drug 
were liver, skin and bone which together contained 
13.51, 10.29 and 11.10 per cent at corresponding 
time intervals. 
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The blood concentration falls to minimal value 
of 6.60 and 6.59 per cent at 6 and 12 hours, with; 
secondary rise to 14.64 per cent at 24 hours, similar 
to that seen with the arsphenamines (Rodman ani 
Wright, Jour. Pharmacol. and Exper. Therap., 79: 
140, 1943 and others). Mapharsen differs from the 
arsphenamines in that the blood concentration 
remains high for a leng period of time, being 15.5), 
20.36 and 20.60 per cent at 48, 72 and 96 hours re- 
spectively, and indeed this accounts for the greater 
part of the total retention at these time interval 
of 24.71, 26.59 and 26.06 per cent of the adminis. 
tered dose. " 

Additional observations on the relationship of 
xanthopterin to folic acid. Lemuet D. Wriaut (by 
invitation), Heten R. Sxeces (by invitation) 
and ArRNoLD D. Wetcu. Nutritional Labs., Depi. 
of Pharmacology, Medical-Research Division, 
Sharp and Dohme, Inc., Glenolden, Pa. It has been 
reported previously that the observed folic acid 
content of incubated rat liver tissue may be in- 
creased several fold by the presence of xanthop- 
terin. A more comprehensive study of the effect of 
various experimental procedures on the observed 
folic acid content of rat liver and muscle has now 
been conducted. 

The observed folic acid content of incubated rat 
liver is influenced by such factors as the degree 
of dispersion of the tissue, nature of the incubation 
medium, presence of digestive enzymes, pH, 
amount of neutral salt present, cyanide, and xar- 
thopterin. The data suggest that free folic acid in 
rat liver is convertible by liver enzymes to a mate- 
rial having little or no microbiological activity. 
The reaction is inhibited by: (1) neutral salts in 
moderate amounts (larger amounts apparently 
inhibit the enzymatic release of combined folic 
acid), (2) allowing the liver to incubate in frag- 
ments rather than in a finely dispersed form, and 
(3) the presence of xanthopterin. In rat skeletal 
muscle disappearance of folic acid could not be 
demonstrated and xanthopterin did not influence 
the observed folic acid content of the muscle. 

Although the formation of folic acid from xar 
thopterin has not been excluded the data suggest 
the involvement of a metabolite-antimetabolite 
relationship or mass action inhibition of enzymatit 
activity. The observation that folic acid may 
undergo destruction or modification in the liver 
(and possibly in other tissues and natural mate 
rials as well) may be of aid in the interpretation 
of certain phases of folic acid metabolism. 

Pharmacologic localization. FRepRick F. Yon« 
MAN and BarBaRA R. RENNICK (by invitation): 
Wayne Univ. College of Medicine, Detroit, Mich. 
Of the numerous procedures employed in localizing 
pharmacologic action several are of greater appli: 
cation than are others. One of these is the tech 
nique utilized by several investigators in which 
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one or more functions of the cervical sympathetic 
nerve are studied under the influence of drugs. By 
this means we have studied ipsilateral sympathetic 
salivation, mydriasis and contraction of the nicti- 
titating membrane in cats anesthetized with ure- 
thane or ether. Concomitant effects on blood 
pressure were also observed. Drugs investigated 
with this procedure included among others: 2- 
naphthyl-methyl imidazoline  (Privine-Ciba), 
6-diethyl-aminoethyl diphenylacetate (Trasentin- 
Ciba), and some new antispasmodics (S-Com- 
pounds) of morpholine derivation (Parke Davis). 
The following results, gained from intravenous 
administration of varying dosage on a per kg. 
basis, are significant: 

a. Privine, 0.1 mgm. produced no salivation of 
sympathetic origin despite a tension rise which 
was comparable to that effected by 0.01 mgm. of 
epinephrine. The latter drug invariably produced 
salivation. 

b. Privine, 1.0 mgm. produced salivary secre- 
tion which was cholinergically induced since this 
effect was nullified by atropine. 

c. Privine, 0.1 mgm. or more, almost invariably 
caused maximum constriction of the nictitating 
membrane. This effect was due apparently to 


cholinergic as well as adrenergic augmentation 
since both atropine and ethyl yohimbine had 
marked, although individually incomplete, lytic 
effects in this situation. The morpholine-deriva- 
tives, S-28 (6, 6-dimethyl-y-4-morpholinepropyl- 
diphenylacetate HCl) and S-29 (w-4-morpholine- 
hexyl diphenylacetate HCl) in 10-40 mgm. doses 
had no lytic effect in this contractile state, but 
Trasentin was slightly lytic following Privine. 

d. The morpholine derivatives, 10-40 mgm. and 
Trasentin, 10 mgm., had no antisalivary effect, 
regardless of how salication had been augmented. 

e. Pupillary reactions to Privine were too vari- 
able to lend themselves to adequate quantitation 
at present but frequently mydriasis resulted. 

f. The S-compounds had some acutely hypoten- 
sive effects but less so than that effected by 
Trasentin in comparable dosage. 

Thus, it seems that Privine has a dual action, 
cholinergic and adrenergic, in relation to some 
cervically controlled end organs; Trasentin has 
some anticholinergic action whereas the mor- 
pholine derivatives S-28 and S-29, exhibit no sig- 
nificant anticholinergic action in the large doses 
employed. 
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Abstracts of papers received from the Secretary of the Society. Since there will be no meet- 
ing in 1944 these papers are to be regarded as “‘read by title’. For possible corrections in 


any of these abstracts see the next issue. 


Acute anemia of tumors. FREDERICK M. ALLEN. 
City Hospital, New York. Previous studies on gen- 
eral effects of tourniquets were extended to include 
tumors. (Arch. Surg. 41: 79, 1940). Total depriva- 
tion of blood for periods of 6 to 12 hours always 
damages tumors more than the normal tissues. 
Without necrosis in the normal tissues, the necro- 
sis of the tumors may range from partial to com- 
plete. The effects differ with different kinds of 
tumors and particularly with different animal 
species, but there is no regular distinction between 
hative and artificially transplanted tumors. Evi- 
dence indicates that the tumor death is due not 
directly to the asphysia but to an influence of the 
inflammatory reaction. 

The previous clinical report included one cure of 
4 squamous cell carcinoma of the face. After long 
delay, there has been opportunity to test a few 
more cases in the City Hospital. One squamous 
cell carcinoma of the leg was cured. Most of the 
nodules of a Kaposi sarcoma were apparently 


cleared up, but the patient’s death from pneu- 
monia cut short the observations. One keloid was 
cured as far as brief observation can decide. Fur- 
ther trials, especially with tumors of higher malig- 
nancy, are urgently needed before any conclusions 
can be drawn. The method, if unsuccessful, is not 
adapted to very wide practical application but 
may have considerable theoretical interest. 
Relative utilization of ferrous and ferric radio- 
active iron in clinical and experimental anemia. P. 
F. Hann, R. C. Lowe (by invitation), G. R. 
MENEELY (by invitation) and W. F. Bate (by 
invitation). Depts. of Biochemistry and Medicine, 
Vanderbilt Univ. School of Medicine, Dept. of 
Medicine, Louisiana State Univ. Medical School, 
and the Depts. of Pathology and Radiology, Univ. 
of Rochester School of Medicine. Six patients diag- 
nosed as having hypochromic anemia of iron defi- 
ciency were fed 10 mgm. test doses of ferrous 
sulphate and ferric ammonium citrate tagged with 
the radioactive isotope of iron. In some instances 
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the ferrous salt was administered first and blood 
samples taken on the fourth, sixth, and eighth 
days after feeding. The ferric salt was then fed at 
the same dosage level with sampling at similar 
intervals. Finally the ferrous salt was again fed 
and blood taken at the same intervals. In the other 
patients the order of administration of the salts 
was reversed. By means of the concentration of the 
tagged iron in the circulating red cells and an 
estimation of the circulating red blood cell mass, 
the fraction of the fed iron absorbed and utilised 
for hemoglobin formation was determined. In 
about half the instances the ferrous iron was taken 
up to about twice the extent of the ferric iron and 
in the other half there was no noticeable difference 
in utilization. In no instance was there more ferric 
iron utilised than ferrous iron. 

In three dogs depleted of their iron reserve 
stores by long continued chronic hemorrhage four 
similar experiments were carried out under better 
controlled conditions. In each instance the ferrous 
iron was utilized from two to four times as com- 
pletely as the ferric salt. In the experiments con- 
ducted on dogs the ferric and ferous chorides were 
the salts compared. The ferrous salts in all cases 
were formed from the corresponding ferric salt 
either by the addition of sufficient cevitamic acid 
to cause reduction, or by passing a stream of sulfur 
dioxide. through the solution. The reduction 
method used seemed to have no effect on the 
results. 

Under the conditions of this experimental ap- 
proach it appears that ferrous iron salts are more 
efficiently handled than ferric salts in iron defi- 
ciency anemia. 

Lymphopenia and atrophy of lymphatic tissue as- 
sociated with acute renal insufficiency in adult 
dogs. Russet, L. Houman. Dept. of Pathology, 
Univ. of North Carolina, Chapel Hill. During 
studies on the relation of diet and renal insuffi- 
ciency to arterial disease in dogs necropsy studies 
revealed gross and histological changes inter- 
preted as “exhaustion atrophy” in all the lym- 
phatic tissues studied (spleen, thymus, mesenteric 
and popliteal lymph nodes, Peyer’s patches, and 
solitary follicles). These changes consisted of a 
general ‘“‘washing out’’ of lymphocytes and a curi- 
ous regressive change in the “germinal centers”’ 
that seems best described by the term ‘‘reticular 
arrest,’’ for the cells that constitute the remnants 
of the “‘follicles’’ look like reticular cells and silver 
stains are consistent with this interpretation. 
Gross weights of the spleen and popliteal lymph 
nodes in these dogs averaged less than half the 
weights of the corresponding lymphatic tissues in 
control dogs, and lymphocyte counts of the circu- 
lating blood showed an average reduction to 32 
per cent of the control level. 

The only known factor common to all the dogs 
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that have shown these atrophic changes was acute 
renal insufficiency. These changes were independ- 
ent of diet and the method by which renal insuffi- 
ciency was produced (uranium nitrate, mercuric 
chloride, or bilateral nephrectomy). They have 
been observed as early as four days after renal 
injury, and the evidence in dogs that survived the 
acute renal injury indicated that they are re- 
versible. 

Control data militate against any of the known 
indirect actions of renal injury such as inanition, 
acidosis, and infection. The suggestion of hor- 
monal activity (lymphocyte m&turation factor?) 
by the renal cortex is offered, but many other 
explanations are possible. [This work was aided by 
a grant from The John and Mary R. Markle Foun- 
dation.] 

Electrocardiographic changes in uremia associ- 
ated with a high concentration of serum potassium. 
Report of three cases. NorMAN M. Keritu, Howarp 
B. BurcHEti (by invitation) and ArcuHie H. 
BaGGenstoss (by invitation). Mayo Clinic, 
Rochester, Minn. Previously the authors dem- 
onstrated that defects of intraventricular con- 
duction developed in the electrocardiograms of 
two patients who suffered from uremia and had an 
abnormal increase in the concentration of potas- 
sium in the serum. Subsequently, a third patient 
was observed for a period of six weeks. In this 
period this patient passed through different phases 
of uremia. During the terminal phase the serum 
potassium increased rapidly and an intraventricu- 
lar defect developed in the electrocardiogram. 
This study includes data on the clinical course, 
pathologic findings, on renal function and on the 
chemistry of the blood and significance of the elec- 
trocardiographic tracings of these three patients. 

Different pathologic lesions were found in the 
kidneys of each patient. The lesions were chronic 
glomerulonephritis, chronic bilateral —hydro- 
nephrosis and pyelonephritis, and passive col- 
gestion, respectively. Intraventricular — block 
developed both with and without pericarditis, 
and with and without histopathologic lesions in 
the myocardium. It was present when the con- 
centration of serum potassium varied from 8/ 
to 10.4 milli-equivalents. The concentrations of 
potassium encountered were lower than thos 
noted by others when similar electrocardiographit 
changes were observed in the dog and cat. The 
marked alterations in many of the constituents 
of human blood serum may account for this 
difference. 

Observations on these three patients supp0' 
the hypothesis that cardiac death was due ' 
potassium toxemia. If subsequent findings col” 
firm this hypothesis, it seems clear that a dis 
turbance in the electrolytic balance in blood serv” 
of uremic patients can cause a fatal upset in th 
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cellular metabolism of a vital organ, in this in- 
stance, the heart. 

Effect of local irritant on skin of dogs: influence 
of fat in diet. JenninGs Koopa (by invitation), 
ArtLp E. Hansen and M. G. Frepricks (by in- 
vitation). Dept. of Pediatrics and the Division of 
Dermatology and Syphilology of the Univ. of Minne- 
sota, Minneapolis and the Dept. of Pediatrics of 
the Univ. of Texas Medical School, Galveston. The 
purpose of this study was to determine the effect 
of fat in the diet on the ability of the skin of dogs 
to resist local irritation. Each day for a period of 
6 weeks a 3 per cent solution of croton oil in 
acetone was applied to comparable areas on the 
dorsum of 2 young litter mate dogs. One animal 
received a diet low in fat (0.16 per cent) and 
showed the generalized flaky desquamation de- 
scribed by Hansen and Wiese; the other animal 
received the same diet except for the substitution 
of 28 per cent of the sucrose calories by fresh lard 
and had no abnormality of the skin. By 2 weeks 
the treated area on the animal on the low fat diet 
showed a definite erythema, some thickening, 
papules, and vesicles with exudation and crusting. 
These changes, maximum in intensity after 3-4 
weeks, remained the same as long as the irritating 
preparation was applied. The comparable region 
on the animal having fat in the diet at first showed 
slight erythema with a few papules but this erup- 
tion subsided by 4 weeks and during the last 2 
weeks the skin remained practically clear. Histo- 
logic sections of the skin biopsied at the end of the 
6 week period from comparable sites were stained 
with hematoxylin and eosin. The section from 
the animal on the low fat diet showed foci of in- 
filtrate of lymphocytes and _ disintegrating 
polymorphonuclear leukocytes localized about the 
hair follicles in the pars papillaris of the corium. 
The rete of the epidermis was thickened, clusters 
of exudate were noted on its surface and over some 
of the foci; the epidermis was thin, fragmented 
and invaded by the infiltrate. In the section from 
the animal receiving lard, an infiltrate, similarly 
situated but much less marked, consisted of 
lymphocytes with a few polymorphonuclear leuko- 
cytes. The findings described in the epidermis of 
the other animal were not present in this section. 
The above experiment has been repeated with the 
same 2 dogs after a lapse of 8 weeks with similar 
observations regarding the gross appearance of 
the skin. [Aided by grants from the National Live 
Stock and Meat Board through the National Re- 
search Council and Medical Graduate Research 
Fund of the University of Minnesota.] 

Hepatic necrosis and other lesions produced in 
tats by feeding quinacrine (Atabrine). ARTHUR A. 
Netson and O. Garr FrrzaucH (by invitation). 

Nvision of Pharmacology, Food and Drug Ad- 
ministration, Federal Security Agency, Washing- 


ton, D. C. With one exception (Wright and Lillie, 
Pub. Health Repts. 58: 1242, 1943), there have 
been reported no severe pathological lesions pro- 
duced experimentally by quinacrine (Atabrine). 
Twenty-one day old albino rats fed 800 ppm. of 
quinacrine in a low protein diet regularly showed, 
after 5 to 20 weeks, necrosis of half or more of the 
liver, hyperplasia and/or atrophy of the viable 
hepatic cells, hepatic thrombosis, peritoneal ad- 
hesions, atrophy of the testis, relative enlargement 
of the spleen, and hyperplasia of the bone marrow. 
Small basophilic granules of a type never seen in 
previous experimental animals were present in 
several locations, as were foamy macrophages with 
or without similar basophilic granules. On a high 
protein diet the same dose of quinacrine was lethal 
in about 30 weeks, with less hepatic and more 
cardiac damage, including frequent thrombosis of 
the left atrium. With half or less of the above dose 
of quinacrine, lesions were present but were 
sharply reduced in severity. The above report con- 
firms that of Wright and Lillie. 

Absorption of vitamin A in the rat intestine. 
Hans Popper and Bruno W. VoLxk (by invita- 
tion). Hektoen Inst. for Medical Research of the 
Cook County Hospital, Chicago, Ill. The absorp- 
tion of vitamin A in the rat intestine was investi- 
gated by fluorescence microscopy and compared 
with that of the histologically demonstrable fat. 
On 10 different levels of the gastrointestinal tract 
sections of the wall and smears of the content 
were examined. In starving rats or after feeding 
of corn oil or lard no vitamin A was demonstrable 
in them. After feeding of vitamin A in oil, it was 
found in the lumen only down to the level of the 
lower duodenum, even if up to 400,000 units were 
administered. In the villi and lymphatics of the 
wall it was seen down to the end of the small in- 
testine, the peak of absorption being on the border 
between its upper and middle third. The maximal 
fat absorption occurred on the same level, al- 
though fat was demonstrable in the content of the 
entire intestine. 

Simultaneous administration of vitamin E did 
not influence the picture of vitamin A absorption. 
Administration of atropine decreased the vitamin 
A absorption; it was seen in the lumen of the 
entire small intestine. Excretion of intact vitamin 
A in the feces seems, therefore, not to explain the 
known incomplete utilization of fed vitamin A. It 
is concluded that the vitamin A absorption de- 
creases in the lower intestine because the non- 
absorbed vitamin A has been destroyed or because 
its greater part has already been absorbed. Both 
possibilities suggest an extensive destruction of 
vitamin A either in the intestinal lumen or after 
absorption in the organism. 

Salt metabolism in poliomyelitis. James F. 
Rinewart. Univ. of California Medical School, 
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San Francisco. Although the virus of poliomyelitis 
is probably widely disseminated during epidemic 
periods, relatively few develop the disease. This 
and other epidemiologic considerations suggest 
that there is some predisposing factor in the host 
which increases his susceptibility to poliomyelitis. 
Studies of patients during the recent epidemic 
reveal the frequent occurrence of salt depletion 
and hemoconcentration early in the course of the 
illness. The average whole blood chloride concen- 
tration in 30 cases, examined during the first week, 
was 457 mgm./100 ec. The spinal fluid chloride con- 
centration in 30 cases averaged 690 mgm./100 cc. 
The average packed cell volume in children was 
42.5% (32 cases), in women 44% (11 cases), and in 
men 48% (6 cases). In 14 cases observations were 
made early in the illness and again from one to 
two weeks later. In 12 of the 14 cases the chloride 
concentration was found elevated and in 10 cases 
the packed cell volume was lowered on the second 
determination. In 5 cases studied during the first 4 
days of illness there was significant retention of 
chloride demonstrated in balance studies of cases 
given supplementary salt. 

It is suggested that salt depletion due to loss 
through sweating and concurrent hemoconcentra- 
tion may be factors predisposing to virus invasion 
and the development of the disease. The decided 
summer incidence of poliomyelitis, the apparent 
predisposition of the active robust child, and the 
reputed association of the disease with antecedent 
strenuous physical activity are epidemiologic 
considerations which appear to be in harmony with 
the concept. Further clinical investigation and 
appropriate anim: ' studies in this field are clearly 
indicated. Attention to salt and water metabolism 
would appear desirable in the management 
of cases. 


FEDERATION PROCEEDINGS 


Protection of the vitamin A fluorescence in tissue 
sections by biologic media. BrRuNo W. Vox (by 
invitation) and Hans Poprrer. Hektoen Inst. for 
Medical Research of the Cook County Hospital, 
Chicago, Ill. If frozen sections of human or animal 
organs containing vitamin A were kept in water 
or saline solution, their vitamin A fluorescence 
decreased and disappeared within 48 hours. The 
fluorescence disappeared faster from animal than 
from human organs and remained longer in the 
liver cells than in the Kupffer cells. Addition of 
hydrogen peroxide accelerated the disappearance 
of the fluorescence considerably. If the sections 
were kept in human plasma or serum, the disap- 
pearance of the fluorescence was markedly de- 
layed. Thin emulsions of liver delayed the dis- 
appearance of the fluorescence slightly _ less, 
emulsions of kidney, spleen, thyroid, and _ pan- 
creas, furthermore urine, bile, spinal and ascitic 
fluid and suspensions of leucocyte and various 
bacteria were markedly less effective. Emulsions 
of myocardium and pulmonary tissue delayed the 
disappearance of the vitamin A fluorescence only 
slightly. 

This protective ability of the human plasma 
was not significantly reduced by heating, ether 
extraction, tryptic digestion or moderate putre- 
faction. It was found in plasma dilutions up to 
1:32. The titer varied in different patients ani 
did not depend upon the vitamin A concentration 
in the plasma. The titer seemed to increase after 
food intake. 

Whether this principle which is found in biolog- 
cal material and which protects the vitamin 4 
fluorescence of tissue sections in vitro, has biologi 
cal significance in the protection of the vitamin 4 
stores in vivo, is not established. 
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Abstracts of papers received from the Secretary of the Society. Since there will be no meet- 
ing in 1944 these papers are to be regarded as “‘read by title’’. For possible corrections in 


any of these abstracts see the next issue. 


Effect of protein quality in production of dietary 
cirrhosis of the liver in rats. HaroLD BLUMBERG 
and E. V. McCouiium. Dept. of Biochemistry, 
School of Hygiene and Public Health, Johns 
Hopkins Univ., Baltimore. When purified diets 
have been employed for producing dietary cir- 
rhosis of the liver in rats, the diets have been or- 
dinarily considered as choline-deficient and low 
in protein. However, the protein used has been 
casein, which is high in methionine and low in 
cystine. 


The effect of protein quality was investigate! 


by comparing casein (high-methionine, |" 
cystine, arachin (low-methionine, mediut 
cystine), and glycinin (medium-methionine, m™ 
dium-cystine). The following diet was useli 
protein 20.0, sucrose (or dextrin) 64.0, lard 
salts 6.0, and oleum percomorphum 0.06 per cet 
plus alpha-tocopherol, thiamine, riboflavin, py" 
idoxine, calcium pantothenate, and _nicotilll 
acid. 

Each group consisted of 6 young rats. The cas? 





after 


logi- 
in A 
slog: 
vin A 


AMERICAN INSTITUTE OF NUTRITION 


rats grew well, had good fur, and had essentially 
normal livers when the experiment was terminated 
after 7 months. The arachin rats scarcely grew, 
were in poor condition, had partial alopecia, and 
had very fatty livers with occasional slight fibro- 
sis, but not cirrhosis. The glycinin rats made slow 


linitial weight gains, were in fair condition, and 


had moderately good fur. The livers were moder- 
ately fatty, and cirrhosis was present in all animals 
except one which died early. 

The therapeutic value, of improving protein 
quality was indicated by apparent arrest of the 
cirrhotic process upon changing an animal, long 
maintained on glycinin, to the casein diet. 

The production of cirrhosis on a choline-de- 
ficient diet quantitatively adequate in protein, 
ie., 20 per cent glycinin, illustrates that cirrhosis 
in the rat is not necessarily associated with ‘low 
protein” diets. Protein quality, as well as protein 
quantity should be remembered in considering 
diet and cirrhosis. [This investigation was aided 
by a grant from the Josiah Macy, Jr. Foundation.] 

The effects of hexoses on the respiratory quotients 


of cats. THORNE M. CarpPentER. Nutrition Lab., 


Carnegie Inst. of Washington, Boston, Mass. 


Respiratory quotients (R. Q.) were determined 
by the open-circuit method for 8 successive 
half-hour periods with 1 female and 6 male cats 


(2.8 to 4.5 kgm.) in the fasting condition (29 ex- 
periments), after 75 cc. of water (25 experiments), 
and after ingestion by stomach tube of 10 grams 
each of glucose (30 experiments), fructose (29 
experiments), and galactose (24 experiments). 
The average fasting R. Q.’s of these cats ranged 
from 0.76 to 0.78. Ingestion of water produced a 
slight increase in R. Q. for 2 to 2} hours. Glucose 
produced a marked increase, with an average 
maximum of 0.90 in the seventh half hour. Inges- 
tion of fructose was followed by an average rise 
to 0.84 in the fifth half hour. Galactose produced 
about the same rise as fructose and in the same 
time. The cats differed from one another in their 
responses to sugar ingestion, as shown by the 
‘anges in their average R. Q.’s for 4 hours. After 
glucose ingestion the range was from 0.82 to 0.91, 
alter fructose 0.79 to 0.85, and after galactose 
0.79 to 0.88. The effect of 10 grams of any one of 
hese sugars lasts longer than 4 hours, as shown by 
» experiments with 2 cats in which basal values 
ere not reached during 7} hours. The findings 
with the cats resemble those with man after glu- 
ose ingestion but differ considerably from those 
With man after fructose and galactose, as both 
hese sugars produce an early, marked rise 
vith man. 

Carbohydrate metabolism in vitamin B, de- 
itiency. ANNETTE CHESLER (by invitation), 
DMUND HoMBURGER (by invitation) and HARoLD 
- Himwicu. Dept. of Physiology and Pharma- 
logy, Albany Medical College, Union Univ., 
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Albany, N. Y. In order to study the biochem- 
ical changes occurring in vitamin B, defi- 
ciency, 16 dogs were placed upon a synthetic 
diet, vitamin free, to which was added synthesized 
members of the vitamin B complex, C and K, and 
vitamins A and D concentrate. After 3} months 
these animals were injected intravenously with 
glucose, 2 gm. per kilo and pyruvic acid, 0.5 gm. 
per kilo, to establish the control tolerance curves. 
In each instance glucose, lactic acid, and pyruvic 
acid were determined. 

Ten of the animals were then placed on the 
same diet as before except devoid of vitamin B,, 
while 6 animals were retained as controls. Before 
the 10 deficient animals exhibited signs of 
avitaminosis, they were again studied. Abnor- 
mally high concentrations of glucose, lactic acid, 
and pyruvic acid were observed. 

The third set of observations were performed on 
seven animals in extremis. All showed abnormally 
high glucose, lactic acid and pyruvic acid blood 
values both post-absorptively and following the 
injection of either glucose or pyruvic acid. In 
the first set of observations the lactic acid/pyruvic 
acid ratio was 7.7. In the partially deficient ani- 
mals the ratio averaged 6.2, while in extremis 
the ratio was 10.7. Histologic examination of the 
tissues of these animals is now in progress as well 
as biochemical and histological studies of animals 
maintained in a state of chronic deficiency for 
about 6 months. [Aided by a grant from the 
Williams-Waterman Fund of Research Cor- 
poration.| 

Associative dynamic effects of protein, carbo- 
hydrate and fat. E. B. Forses and R. W. Swirr 
(with the technical collaboration of Ann G. 
Buckman), JANE E. Scuoprer and Mary T. 
Davenport. Inst. of Animal Nutrition, School of 
Agriculture, Pennsylvania State College. A study 
was made, with mature albino rats as subjects, 
of the dynamic effects of beef muscle protein, 
cerelose (corn sugar) and lard, individually and in 
four combinations, as supplements to a complete 
basal diet sufficient for maintenance. 

The individual supplements each increased heat 
production from its own kind of nutriment. Car- 
bohydrate and protein each spared the other two 
kinds of nutriment, while fat spared only protein. 

The sparing effects of the mixed supplements 
depended on their composition, but all spared fat. 

In the mixed supplements fat was much more 
potent than were protein and carbohydrate in 
determining dynamic effects. 

The supplement of protein and fat had the 
lowest dynamic effect of all, lower even than that 
of fat; while the combination with the highest 
dynamic effect was that of carbohydrate and 
protein. 

The observed dynamic effect of carbohydrate 
and protein was 12.5 per cent less, of carbohydrate 
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and fat 35 per cent less, of protein and fat 54 per 
cent less, and of carbohydrate, protein and fat 22 
per cent less, than as computed from experi- 
mentally determined values for the individual 
nutrients. _ 

The idea that the dynamic effects of diets vary 
in the order of their protein contents was found 
incorrect; and inasmuch as there is no scientific 
means of apportioning energy effects or values 
among dietary constituents, the dynamic effects 
of individual foods or nutrients are without sig- 
nificance as constants. 

Effect of addition of lard to a low fat diet in dogs. 
AriLp E. Hansen, Hiipa F. Wisse (by invita- 
tion) and Erma v.O. MILLER (by invitation). 
Dept. of Pediatrics, Univ. of Minnesota, Minne- 
apolis, and Dept. of Pediatrics, Univ. of Texas 
Medical School, Galveston. This study concerns 
two dogs from a total of nine puppies which were 
maintained on a diet low in fat (0.138%). These 
animals developed a characteristic flaky des- 
quamation of the skin with dry coarse hair and 
analysis of the blood serum showed the average 
values for the blood lipids (including cholesterol, 
cholesterol esters, total fatty acids, acetone 
ecluble, and acetone insoluble fatty acids as well 
as the iodine numbers of the fatty acids) to be in 
the same range as those previously reported by 
the authors. Subsequently one animal was given 
fat in the form of fresh lard to the extent of 28% 
of its calories. Ten days after lard was added to 
the diet, there was a rise in the iodine number of 
the fatty acids in the serum, although the amount 
of fatty acid remained practically the same. There 
was no noticeable change in the character of the 
skin and hair at this time. Two weeks later there 
was a definite improvement in the appearance of 
the skin characterized by a peeling of the outer 
layers of epidermis and the formation of new soft 
skin. By this time the iodine number of the ace- 
tone soluble fatty acids rose from 85 to 122 and of 
the phospholipid fatty acids from 96 to 109. There 
was still no appreciable increase in the amount of 
fat in the serum. As regards the second animal 
which was given lard to the extent of 5% of the 
total calories, no definite improvement in the 
appearance of the skin was evident until one 
month after lard was added to the diet. At the 
5% level, the iodine value of the acetone soluble 
fatty acids rose more slowly from an average of 87 
to 103 in 4 weeks and to 108 by six weeks. The iodine 
number of the phospholipid fatty acids remained 
the same for 4 weeks but increased slightly from 
102 to 107 by six weeks. [This study was made 
possible by a grant from the National Live Stock 
and Meat Board through the National Research 
Council.] 

The effect of atabrine on thiamin deficiency in 
young rats. D. M. Heastep (by invitation), J. M. 


FEDERATION PROCEEDINGS 








McKrssin (by invitation) and F. J. Srarz, 














Division of Nutrition, Dept. of Biochemistry, me 
Schools of Medicine and Public Health, Harvard @ cho 
Univ., Boston. Previous investigations upon the MiioKr 
effect of atabrine administration to rats on various Hi tatic 
dietary regimes have shown that on a choline Mp, 
deficient ration the addition of 40 to 65 mg. per Hip, pi; 
cent of atabrine prevented death and almost uppi¢ 
abolished gross signs of kidney disease. Similar MH jros 
studies using a thiamin deficient ration have shown 
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that atabrine has a “thiamin sparing’’ action. 

Comparable groups of young rats have been fed 
a purified ration lacking in thiamin. Atabrine, 4 
mg. per 100 grams of ration, was added to the diet 
of half of the animals. Food intake of the controls 
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(no atabrine) was limited to that of the atabrine Boficie 
groups during the depletion period. The animals Myr o: 
receiving no atabrine reached a maximum weight MH Ano‘ 





in ten days, lost weight rapidly, and died on the 
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twenty-eighth day (average). Animals receiving jl 2, ; 
atabrine continued to gain until the fifteenth day HBholine 
and then lost weight very slowly. They did not Mihowe; 
die until the forty-eighth day (average). ormal 

In a similar experiment small supplements of find di: 
thiamin, 3 meg. per day, were given after the Mad mn 
depletion period. The animals receiving atabrine Midney 
gained more per day (1.78 grams) than did the Minto th 
control animals (1.20 grams) even though thf Thre 
animals receiving atabrine had been on the thiamin Maced 





free ration for eight days longer than the controls. 

Fluorine is necessary in the diet of the rat. J. F. 
McCienpon. Hahnemann Medical College and 
the experimental farm of J. F. McClendon.A 
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fluorine-free diet was prepared from food grow Mi hat a 
in solution culture and chemically pure substance Meek. ' 
in grams (dry) as follows: 500 yellow corn, 30 Mecrop; 





glucose, 50 years, 19 soy beans, 20 bean and corm 
leaves, 1 lysine, 10 NaCl, 80 corn oil and 20 cod 
liver oil. Two rats (whose mother’s diet cor 
tained 0.3 parts of fluorine per million) were put 0 
the fluorine-free diet at the age of 21 days. One 
rat died of starvation in 48 days because caries 
had destroyed the effective chewing surfaces of al 
of the molar teeth, and it stopped eating. The 
other rat was saved from starvation with 10 ct. 
of milk containing 1 microgram of fluorine, but 
died of starvation in 70 days. The crowns of the 
molar teeth of each rat were practically removel 
by caries except that the caries of the 3rd molars 
(which are of little use in chewing) was less e& 
tensive. This is the most extensive caries seen il! 
any rat on any diet for any number of days. This 
production of 12 carious teeth per rat in 48 and? 
days may be compared with 0.3 carious teeth pt 
rat in 40 days and 8 carious teeth per rat in 75 day! 
on a diet which was apparently not superior except 
that it contained 0.3 parts of fluorine per milliot 
and no caries in 75 days when 10 parts of fluorilt 
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or million was added to the drinking water. Fluo- 
ine is necessary in a diet that has to be chewed. 
Choline deficiency studies in dogs. J. M. 
{cKrsBIN (by invitation), 8S. THayer (by in- 
itation) and F. J. Srare. Division of Nutrition, 
Dept. of Biochemistry, Schools of Medicine and 
Public Health, Harvard Univ., Boston. Weanling 
uppies were placed on a ration consisting of 
crose 49.5, alcohol and ether extracted peanut 
eal 30, cottonseed oil 7, cod liver oil 3, salts 4, 
asein 6, and K,HPO, 0.5. Supplements of thiamin 
hloride, pyridoxine hydrochloride, riboflavin, 
alcium pantothenate, and nicotinic acid were 
ded to the ration. Control animals received 200 
ng. per cent of choline chloride. Both control and 
eficient animals grew poorly on this ration, and 
our of the six dogs died within 38 days. 

Another litter of five puppies received a similar 
ation but modified as follows: casein 7, cod liver 
il 2, and liver extract 2. Two dogs not receiving 
holine died within two weeks and on necropsy 
howed extremely fatty livers. The controls grew 
ormally for 18 to 20 days then rapidly lost weight 
nd died by the twenty-fifth day. These animals 
ad normal livers but showed engorgement of 
idneys, intestines, pancreas, and hemorrhages 
nto the kidney medulla. : 
Three litters totaling 12 puppies were then 
laced on the modified ration but containing 3 
er cent of a different liver extract. Six control 
nimals received choline, and one control re- 
rived 0.7 per cent methionine without choline. 
rowth in the control animals was retarded some- 
hat at first but became normal after the third 
eek. The deficient dogs failed to grow and at 
ecropsy on the thirty-second to forty-third days 
howed extremely fatty livers, whereas the con- 
tols appeared grossly normal. Prothrombin time, 
romsulfalein test, and serum phosphatase indi- 
ated severe liver disease in the deficient but were 
ormal in the controls. 

Effect of protein deficiency on plasma protein 
d plasma volume. Jack Mercorr (by invita- 
ion), C. B. Favour (by invitation) and F. J. 
TARE. Division of Nutrition, Dept. of Biochem- 
try, Schools of Medicine and Public Health, 
Harvard Univ., and Medical Clinic of the Peter 
Bent Brigham Hospital, Boston. Weanling rats 
ere placed on a purified diet containing sucrose, 
orn oil, salts, crystalline B-vitamins, and ‘‘vita- 
lin-free”’ casein at an 18 per cent level. Vitamins 

and D were furnished by Haliver oil fed bi- 
eekly. After one week of growth on this diet, 
otal protein, hemoglobin and hematocrit de- 
rrminations were made. The rats were divided 
ito two groups and in one of these the casein level 
48 decreased to 8 per cent. After three weeks 
#¢ control group had more than trebled its initial 
bean body weight increasing at a mean growth 


rate of approximately 3.0 grams a day. The group 
on the low casein diet grew poorly, increasing at a 
mean growth rate of approximately 1.0 gram a day. 
At this time, total protein, hemoglobin, and hema- 
tocrit determinations were repeated, and, in 
addition, plasma volume was measured. 

Although growth was markedly diminished in 
the deficient animals, their total proteins, hemo- 
globins, and hematocrit values had apparently 
increased and were essentially the same as those 
of the controls. The total plasma protein con- 
centration, however, was significantly altered; 
mean plasma volume per 100 gram body weight in 
the control group being approximately 30 per 
cent greater than that of the experimental group. 

In view of the concept of dynarnic equilibrium, 
presumably the protein deficient rat at 3 weeks 
maintains the plasma protein level by a decrease 
in plasma volume and failure of tissue growth. 
Work now in progress is concerned with the pos- 
sible relationship between these phenomena and 
susceptibility to infection. 

The hematopoietic value of certain dietary pro- 
teins in the hemorrhagic anemia of the rat. JAMES 
M. OrtTeN and ALINE UNDERHILL ORTEN (by 
invitation). Dept. of Physiological Chemistry, 
Wayne Univ., College of Medicine, Detroit. Hemor- 
rhagic anemia was produced in adult rats by the 
removal of 30% of the calculated blood volume 
(2.0 ec. per 100 gram body weight) from the warm, 
oiled tail. An equal volume of 0.9% physiological 
saline, for fluid replacement, was injected intra- 
peritoneally immediately after the bleeding. This 
method has proved highly satisfactory. 

Rats were fed from weaning adequate synthetic 
diets containing 18% of the protein to be studied. 
Animals given lactalbumin regenerated hemo- 
globin to the pre-hemorrhage level in an average 
of 18 days. Approximately 90 mg. hemoglobin per 
rat per day, or 18 mg. per 100 gram body weight, and 
39 mg. per gram of protein ingested per day were 
regenerated during the 18-day period. Similar 
values were obtained when the protein was sup- 
plied as either casein, skim milk solids, or a skim 
milk-blood solids mixture. 

Paradoxically, with dried beef blood as the pro- 
tein, 21 days were required for hemoglobin re- 
generation. Only 16 mg. hemoglobin per rat or 17 
mg. per 100 gram body weight, and only 17 mg. 
hemoblobin per gram of dietary protein were 
formed per day. 

With a low level of lactalbumin (2.8% protein), 
28 days were required for the hemoglobin value to 
return to the prehemorrhage level and only 9 mgm. 
hemoglobin per day or 11 mg. per 100 gram body 
weight per day were formed. However, approxi- 
mately 75 mg. of hemoglobin were formed daily 
for each gram of protein ingested. 

These data emphasize the importance of both 
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the quality and quantity of dietary protein in 
hemoglobin formation. 

The utilization of thiamine from four yeasts. 
HELEN Parsons, AUDREY FogstTE (by invitation), 
ANNE WILLIAMSON (by invitation) and Huxtpa 
SrerrLeR (by invitation). Dept. of Home Eco- 
nomics, Univ. of Wisconsin, Madison. The utiliza- 
tion of thiamine from four types of moist yeast 
was determined by means of growth in rats ard 
thiamine elimination by human subjects. The 
yeasts were fed both fresh and after treatment 
(boiling or soaking in alcohol, aimed at injuring 
the protoplasmic membrane) at the equivalent of 
4 ug. thiamine per rat and 2 to 3.7 mg. per person 
per day. 

Three of the four types of yeast, only moderately 
enriched, each yielding 0.5 mg. thiamine per cake 
were all less well utilized, judged by the criteria 
mentioned, when fed fresh than after treatment; 
in fact, the urinary thiamine on the fresh yeasts 
was not raised above that on the basal diet alone. 

These results confirmed earlier published re- 
ports from this laboratory on two of these brands 
(A and B). The third (C) of this comparable group 
had as a control a heavily enriched brand (D) 
yielding 3.7 mg. thiamine per cake but otherwise 
identical with Type C. In tests with both human 
subjects and animals fed Type D at the same 
thiamine levels as before, this proved to be the 
only one of the four yeasts which was approxi- 
mately equally well utilized in the fresh and 
treated forms. It is therefore concluded that its 
superior utilization in the fresh state in compari- 
son with the other three types is not attributable 
to the strain of yeast but to the comparatively 
high proportion of thiamine to yeast cells, thus 
probably accounting for the greater availability 
of its thiamine for absorption. 

Choline as an adjuvant to the dietary therapy of 
clinical cirrhosis of the liver. A. H. Russakorr 
(by invitation) and HaroLp BiumBeEreG. Medical 
Service, Sinai Hospital and Dept. of Biochemistry, 
Schcol of Hygiene and Public Health, Johns 
Hopkins Univ., Baltimore. The effect of dietary 
therapy was studied in nine patients with clinical 
evidence of decompensated portal cirrhosis of the 
liver. In addition to high protein, high carbohy- 
drate, low fat, high vitamin diets (P 125-150, 
C 300, F 50-60 grams), supplements of choline 
chloride were administered orally in doses up to 
six grams daily (two grams thrice daily). Seven 
of the nine patients showed definite improvement, 
as evidenced by clinical and laboratory findings. 
Generally, the enlarged livers were considerable 
reduced in size, ascites was greatly diminished or 
disappeared, serum proteins (albumin) increased, 
the hemogram improved, the prothrombin time 
decreased, and liver function tests became normal. 
Two patients failed to improve. One had an en- 
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larged fibrotic, but non-fatty liver (autopsy); 
the other had a small shrunken liver. 

Noteworthy were three patients who showed 
no improvement when first treated for three week 
with the adopted high protein diet alone. In aj 
three cases, improvement was noted within tl 
first ten days of choline therapy. Improvemer 
continued, and the patients were discharge 
within two months. 

The development of clinical cirrhosis, particy 
larly in alcoholics, is frequently associated wit 
hepatic infiltration by neutral fat, that form d 
lipid upon which choline has a highly effectiv 
lipotropic action. In experimental animals, cholix 
has a beneficial effect in the prevention and treat: 
ment of several types of dietary cirrhosis. This 
preliminary investigation suggests that in som 
cases choline may provide an important adjuvant 
to the therapy of clinical cirrhosis of the liver 
[Acknowledgment is made to the Edwin B. Hutde 
Research Fund of Sinai Hospital for the choliw 
chloride used in this study.] 

Evidence for a new B-complex factor in yeas 
concerned with hemoglobin production in the dq 
Susan Gower Smiru. Dept. of Medicine, Duk 
Univ. School of Medicine, Durham, N. C. It ha 
been observed that puppies on a synthetic di 
containing Brewer’s yeast at a level of 10% wil 
regularly elevate their hemoglobin to 18-20 gram 
and maintain it at this level for an experiment 
period of 1-2 years in spite of the fact that thea 
cepted normal hemoglobin for the dog is 14 gra 
Litter mates of these animals on a synthetic di 
of the same ingredients except for the yeast aul 
supplemented with eight synthetic vitamiil 
(vitamins B, and Byes riboflavin, nicotinic acl 
pantothenic acid, inositol, para-aminobenvi 
acid, choline) fail to gain weight at the norm 
rate; and although their hemoglobin usual 
reaches 18 grams at some point in the curve, thé 
cannot maintain it at this level. It drops graduallJ 
to 10 grams or below, and the anemia product 
tends to be normocytic in contrast to the hyp 
chromic, microcytic anemia observed when vitt 
min B, is lacking. 

Since the eight synthetic factors given are i 
adequate to maintain the dogs’ hemoglobin ! 
optimal or normal values, and since the facté 
concerned is found in a water soluble fraction‘ 
the yeast, it is probably among the unknown 
known but unsynthesized members of the ! 
complex. The three most likely factors are fol 
acid, xanthopterin and vitamin B,, all of whi 
have been associated with hematological changé 
Folic acid and xanthopterin have been tested # 
failed to give a positive response. It is probabl 
then, that the factor concerned is a new member! 
the vitamin B-complex. 

Nutritional adequacy of human plasma protei 
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_J. Srare, D. M. Heastep (by invitation) and 


PME M. McKipein (by invitation). Division of 
howed lutrition, Dept. of Biochemistry, Schools of Medi- 
ween” and Public Health, Harvard U niv., Boston. 
In dl eanling rats were fed a purified diet of sucrose, 
in the™ oil, salts, crystalline B-vitamins, and dried 
emeieuman plasma. The plasma was added at a level 
arse supply 18 per cent protein in the diet. Vitamins 




















and D were supplied by Haliver oil given twice 
eekly. Control animals received a diet of identi- 
sl composition except that the protein was fur- 
shed by ‘‘vitamin-free’’ casein. Growth and 
pneral appearance of the animals on the casein 
ition were greatly superior to those on the plasma 
ntion; the former averaged a daily gain of 3.3 
ams, the latter of 0.9. In subsequent experiments 
ino acid supplements were made to the plasma 
tion; the plasma content was decreased suffi- 
ently to maintain a nitrogen content comparable 
) the previous experiments. Of the amino acids 
ded (isoleucine, leucine, valine, tryptophane, 
ethionine, arginine) dl isoleucine produced the 
eatest effect, and provided growth nearly 
juivalent to the simultaneous addition of all 
x. A typical experiment showed the following 
eight gains (grams per day): casein, 3.0; plasma, 
1; plasma plus 0.5 per cent dl isoleucine, 2.4. 
hus when the nutritional adequacy of the pro- 
bins of human blood plasma is measured by the 
t growth method, isoleucine appears to be the 
rincipal essential amino acid lacking in the diet. 
Distribution of fatty acids in the blood serum of 
gs as affected by diet. Hinpa F. Wiese (by in- 
itation) and Arttp E. Hansen. Dept. of Pedi- 
rics, Univ. of Minnesota, Minneapolis, and Dept. 
Pediatrics, Univ. of Texas Medical School, 
alveston. A study has been made of the distribu- 
on of the fatty acids (with special reference to 
heir degree of unsaturation) in the blood serum 
2 groups of dogs. In one group, 5 young dogs 
ere maintained on a diet low in fat (0.18%) and 
h the second group, 6 young dogs received the 
hme diet except for the isocaloric substitution 
28% of the sucrose calories by fat in the form 
fresh lard. All the animals in the first group 
howed the dry flaky skin which is characteristic 
young dogs maintained on this fat deficient 
let. The fatty acids of the serum were separated 
ito 3 fractions, namely, phospholipid, glyceride 
d cholesterol ester fatty acids. The phospho- 
pid fatty acids were derived from the acetone 
soluble fraction of the serum lipids by saponi- 
ation and the glyceride and cholesterol ester 
tty acids were separated from the acetone soluble 
ortion by means of the castor bean lipase frac- 
Onation procedure. The amount of fatty acids 
48 determined by microgravimetric means and 
le relative degree of unsaturation was measured 
ote the iodine number of the fatty acids. The 
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results show that the cholesterol ester fatty-acids 
not only carry the most unsaturated fatty acids 
in the serum but also reflect to the greatest extent 
the character of the dietary regimen containing 
lard. Both the average amount and the degree of 
unsaturation of the glyceride fatty acids were the 
same in the 2 groups of dogs. The phospholipid 
fatty acids were slightly lower in amount and had 
lower iodine numbers in the group of animals on 
the low fat diet than those in the control group. 
The average iodine numbers in the two groups were 
98 and 112 respectively. The average cholesterol 
ester fatty acid values were 111 mg. per 100 cc. 
serum for the group on the low fat diet and 138 
mgm. per 100 cc. serum for the group receiving 
28% lard. The average iodine numbers were 103 
and 128 respectively. [Aided by a grant from the 
National Live Stock and Meat Board through the 
National Research Council and Medical Graduate 
Research Fund of the Univ. of Minnesota. | 

Production of a scurvy-like condition of guinea 
pigs with glucoascorbic acid, and its prevention 
with ascorbic acid. D. W. Woot.ey. Lab. of The 
Rockefeller Inst. for Medical research, New York. 
It was demonstrated recently in this laboratory 
that mice and rats developed a disease with many 
of the manifestations of scurvy when they were 
fed glucoascorbic acid. This disease was not pre- 
vented by ascorbic acid, but was prevented by a 
substance present in plant materials rich in this 
vitamin. Since mice and rats do not require a 
dietary source of ascorbic acid, it seemed advisable 
to determine whether the scurvy-like disease could 
be prevented with the vitamin in a species such 
as the guinea pig for which ascorbic acid is a 
dietary essential. 

The development of a satisfactory, highly-puri- 
fied diet for guinea pigs (unpublished data) has 
made this test possible. Previous adequate diets 
for guinea pigs could not be used since they con- 
tained the protective substance mentioned above. 
With the present diet, composed of sucrose, casein, 
cellulose, salts, pure vitamins, and small amounts 
of a liver concentrate, the addition of 7 per cent of 
glucoascorbic acid to the ration, which provided 
0.1 mg. of ascorbic acid per day, produced a disease 
within 10 days characterized by failure of growth, 
diarrhea, alopecia, mild hemorrhage, and death. 
Control animals which did not receive gluco- 
ascorbic acid did not exhibit these signs. 

The disease was prevented by ascorbic acid. 
Thus, 1 mg. of ascorbic acid per day maintained 
health in guinea pigs receiving 5 per cent of gluco- 
ascorbic acid, and 10 mg. of ascorbic acid per day 
was effective in animals getting 7 per cent of the 
compound. Therefore, the disease may be viewed 
as an ascorbic acid deficiency, and the condition 
previously described in mice and rats may be re- 
garded similarly. 
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Abstracts of papers received from the Secretary of the Society. Since there will be no meet- 
ing in 1944 these papers are to be regarded as “‘read by title’’. For possible corrections in 


any of these abstracts see the next issue. 


Occurrence of natural antibodies and formation 
of immune antibodies in rabbits of different ages 
injected with hemolytic streptococci. Paut F. 
DEGARA. Dept. of Pathology, Cornell Univ. Medi- 
cal College, New York City. Natural agglutinins 
for hemolytic streptococci were found in the sera 
of a number of untreated healthy young and full 
grown rabbits, but the titre was very low. No 
streptococcidal properties were noted in the sera 
of untreated young nor in those of full grown 
animals. Following ‘a single intravenous injection 
of hemolytic streptococci, agglutinins developed 
in most of the young and of the full grown rabbits. 
In full grown animals a higher agglutinin titre 
was usually noted, and the agglutinins persisted 
for a longer period than in young rabbits. No 
streptococcidal activity:developed in either young 
or full grown animals. The greater resistance of 
young rabbits to intravenous injections of hemo- 
lytic streptococci can not be explained by the pres- 
ence of a large amount of natural antistreptococcal 
antibodies in the serum of the animals, nor is it 
due to a greater ability of the young rabbits to 
produce the antibodies following the intravenous 
infection. 

Studies on the difference of resistance of young 
and of full grown rabbits to intravenous injections 
of hemolytic streptococci. Pau F. peEGaRA. Dept.of 
Pathology, Cornell Univ. Medical College, New 
York City. A single intravenous injection of broth 
culture of Streptococcus hemolyticus (strain N Y5) 
was given to 29 full grown rabbits and to 32 young 
animals, 3 to 8 weeks after birth. Fourteen full 
grown rabbits (48.2 per cent) and 26 young rabbits 
(81.2 per cent) survived the injection for at least 
one week. Loss of the body weight was noted in all 
animals during the week following the infection. 
The body temperature of young rabbits rose 
sharply between 1 and 5 hours after the infection. 
It declined after 24 hours but remained above 
normal for 5 days. In full grown animals the initial 
rise was followed by a return of the body tempera- 
ture to almost normal values after 24 to 30 hours. 
A second rise occurred 72 hours after the injection, 
and the temperature returned to normal after 6 
days. Bacteremia was always present 5 hours 
after the injection of streptococci. After 24 hours 
the blood cultures from rabbits which survived the 
infection were either sterile or contained only 
small numbers of colonies, while those taken post- 
mortem from rabbits that died within 7 days 
always contained innumerable streptococci. Arth- 
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ritis was observed in the 26 young and in 12q 


14 full grown rabbits that survived the infectio a 
The number of joints involved was greater i train 
young animals. The greater resistance of youy “ 

: ‘ Pe be {.M 
rabbits to streptococci may be explained by tly a I 


fact that this age group did not yet have sufficie 
contact with the microorganisms and, therefor, 
was not “sensitized.” 

Studies on the effect of temperature, humidity, 
and glycol vapors on air-borne organisms.! K. } 
DeOme and Personnel of USNR Lab. Resear 
Unit #1. A dynamic system, consisting essential) 
of dust-free air moving through a long glass tub 
at a constant velocity enabled rapid estimations¢ 
air-borne bacterial death rates under controllel 
conditions of temperature and humidity. Gly« 
vapor was mixed with air in the tube. A test 0 
ganism, Salmonella pullorum, was added and move 
along with the air stream. Air samples taken fra 
the tube at various distances from the dispersil 
atomizer contained organisms which had bed 
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exposed to the glycol vapors for known lengths@ ay : 
time. Increased death rates produced by th oe 


glycols were determined by comparison wil 
normal death rates. 

(a) Normal death rate: Changes in relatitl 
humidity (RH) between 40% and 60% product 
little change in death rate; however, a lowered ki 
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(15%) greatly increased survival time, while hif te 
RH (80%) produced the opposite effect. A rise! +9 





temperature from 28°C. to 37°C. progressive] 
decreased survival time with every increase 
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humidity tested. Effects of combined increases! eee 
temperature and humidity were cumulative. tudy 





(b) Glycol death rate: Glycol effectiveness it 
creased as concentrations approached the satu 
tion capacity of the air, but decreased as tel 
perature was raised from 28°C. to 37°C. and ast 
RH deviated from approximately 45%. The !0 
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1 Dr. K. B. DeOme, Division of Veterinary Science, Uni 
sity of California, Berkeley, California, The Unit Personnel @ 
sists of: Albert P. Krueger, Captain MC-V(S), USNR, Offi 
in-Charge, and A. H. Jacobs, Lieut. MC-V(S), USNR; 45 
Browne, Lieut. H-V(S), USNR; O. J. Golub, Lieut. H-V5 
USNR; L. E. Rosenberg, Lieut. H-V(S), USNR; N. S. We 
Lieut. H-V(S), USNR; J. R. Mathews, Lieut, H-V(S), USM 
M. D. Thaxter, Lt. (jg) HC-V(S), USNR; H. M. S. Wathisl 
Lt. (jh) H-V(S), USNR; A. J. Glazko, Ensign, H-V(S), USM 
W. R. Leif, Ensign, HC-V(S), USNR; G. B. Saviers, Ens 
HC-V(S), USNR; I. L. Shechmeister, Pharm. HC-V(S), USN 
A. I. Teplow, Pharm, HC-V(G), USNR; W. L. Axelrod, CPV} 
V-6, USNR; H. R. Burkhead, PhMic, V-6, USNR; E. R.(# 
holm, PhMic, V-6, USNR; C. R. Webb, Jr., PhMic, V-6, USM 
W. D. Won, PhMic, V-6, USNR. 
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urvival time at 80% RH prevented demonstra- 

ion of any reduction by glycol. High survival 
= ime at 15% RH was unaffected by glycol vapor 
n ven in high concentration. The concentration of 

required to produce a given reduction in death 

ate was more than one hundred times that of 
EG. [The opinions advanced in this paper are 
ose of the writers and do not represent the official 
iews of the Navy Department.] 
Neutralization of Middle East and Lansing 
trains of poliomyelitis virus by human sera. IsABEL 
{. MorGAN (by invitation), Perer K. Oxirsky 
nd R. WALTER SCHLESINGER (by invitation). 
he Rockefeller Institute for Medical Research, 
jew York City. A strain of poliomyelitis virus 
solated from a fatal human case among the British 
iddle East Forces (MEF1), transferable to cot- 
on rats and mice, was indistinguishable in its 
pathogenic and serological characteristics from 
ansing virus (Science, 98: 452, 1943). Human 
erum-neutralization tests were carried out with 
EF1 and Lansing virus. 
MEF1: Sera from the Middle East Forces in- 
luded those from 15 British soldiers (2 polio- 
nyelitis-convalescents and 13 ‘‘normal’’ men) and 
n American Medical officer. All these human sera 
heutralized MEF 1 virus in intracerebral tests in 
nice. 
Lansing virus: Sera from 3 Canadians (Winni- 
beg) and 27 male adult prisoners from New Jersey, 
s well as 12 British soldiers from the Middle East 
orces convalescent from various diseases of the 
NS were tested. All Winnipeg and New Jersey 
era neutralized Lansing virus; 9 out of 12 Middle 
ast sera were also positive. 
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ee Neutralizing antibody to Lansing type polio- 
vise ie yelitis virus was found in all ‘‘normal”’ sera from 
wind anada, U. 8. A., and the British Middle East 
ase ime orC*8: Therefore, no diagnostic significance could 


be attached to thegfinding of similar antibody in 
onvalescents of the Middle East Forces. [This 
tudy was carried out. under the auspices of the 
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; oe the Investigation and Control of Influenza and 


Yiher Epidemic Diseases, Division of Preventive 
ledicine, Office of the Surgeon General, U. S. 
Army. 

vie Laboratory and field studies of glycols and floor 
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Laboratory Research Unit #1. Univ. of Califor- 
nia, Berkeley. Laboratory experiments estab- 
lished that vaporized propylene glycol (PG) or 
triethylene glycol (TEG) raised the dew-point 
of air. The composition of glycol-water conden- 
sates resulting from glycol-air mixtures at various 
humidities is discussed in its relation to the theory 
of action of glycols on air-borne organisms. Meth- 
ods of determining room air turnover, employing 
CO, or PG vapor as tracers, are described. 

Field investigations conducted in a Navy hos- 
pital ward evaluated PG and TEG vapors, and the 
oil treatment of floors as to efficacy in reducing the 
total bacterial and hemolytic streptococcus counts 
of the air. Detailed observations were made on all 
ward routines to correlate various types of ac- 
tivity in the ward with the resultant data. It was 
found that such occurrences as sweeping, bed- 
making or the activity incident to morning routine 
and meal-time caused marked rises in both total 
and streptococcal counts. Neither PG nor TEG 
vapor in concentrations up to saturation produced 
significant reduction of bacterial levels under such 
peak conditions. 

Swabbing floors with water, PG, PG-water mix- 
tures, or with a light oil held down considerable 
dust, the major source of rises in counts; however, 
only oil was found to have the characteristics 
necessary to produce a lasting effect. One applica- 
tion of oil held all counts, except those following 
bed-making, to ‘‘quiet’’ levels for over a week and 
was partially effective after two weeks. The second 
application was completely effective for over two 
weeks. 

Routine application of floor oils is reeommended 
as a measure to reduce cross-infections. [The opin- 
ions advanced in this paper are those of the writers 
and do not represent the official views of the Navy 
Department.] 
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Page 65. Georg Barkan. The sentence beginning 
m line 11 of the abstract should read: It is now 
nalytically proven, with the oxidation product 






olated and purified. 
Page 79. Lawson and Thienes. On line 15, first 






CORRECTIONS OF ERRORS IN THE ABSTRACTS PUBLISHED IN THE 
MARCH ISSUE 


column, the number 106 mg/K should be 1.06 
mg/K. 

Page 96. Susan Gower Smith. The parenthetical 
list of the eight synthetic vitamins reads (vitamins 
B, and By, riboflavin, etc.). It should read (vita- 
mins B, and Bg, riboflavin etc.). 














The following interim actions of the Council are 
nounced to the Society: 

On May 4, 1943, the Council approved a new 
greement with Annual Reviews, Inc. to replace 
e old one which was judged to be illegal. 

On May 12, 1943, Dr. A. C. Ivy was appointed a 
hember of the Board of Publication Trustees to 
ll the unexpired term of one year left vacant by 
e resignation of W. O. Fenn. On March 20, 1944, 
Dr. Ivy was appointed a member of the Board for 
e term 1943-1946. 

The report of the Board of Publication Trustees 
Dr. W. J. Meek, Chairman, Dr. A. C. Ivy, and 
Dr. H. C. Bazett) has been received and approved 
y the Council. The report announces the appoint- 
hent of Dr. Hallowell Davis as Associate Editor 
f the Journal in place of Dr. Detlev Bronk, and 
f Dr. M. H. Seevers as Associate Editor of the 
eviews in place of Dr. Geiling who retires. Both 
f these changes are made in accordance with the 
gular policy of rotation in office recommended 
y the Board. In 1948, the Board also appointed 
br. F. L. Hisaw an Associate Editor for Physio- 
bgical Reviews in place of Dr. P. E. Smith who 
psigned. 

Dr. Dayton J. Edwards was appointed alternate 
epresentative of the Society on the Council of 
e A.A.A.S. in May 1942. He and Dr. Homer 
mith were continued as representative and 
Iternate representative respectively in 1943. 
epresentatives appointed for the Cleveland 
heeting in September 1944 are Dr. C. J. Wiggers 
nd Dr. A. Sidney Harris (alternate). 

The Council has approved the organization of 
WO symposia for publication in Federation Pro- 
tedings. They are Cerebral Blood Flow by C. F. 
hmidt and Physiological Aspects of Convalescence 
nd Rehabilitation by Ancel Keys. 

In 1943, the Council voted to recommend the 
blowing nominees to the Society for election as 
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members: Harry F. Adler, Charles R. Allen, J. 
Garrott Allen, Clifford A. Angerer, William F. 
Bale, D. H. Barron, Edgar C. Black, Harry D. 
Bouman, John R. Brobeck, Katharine A. Brow- 
nell, Carl A. Bunde, George Clark, Julius H. 
Comroe, Jr., 8. A. Corson, J. R. Di Palma, Victor 
A. Drill, C. H. Ettinger, William H. Forbes, 
Keith 8. Grimson, R. E. Haist, J. E. Hawkins, Jr., 
A. W. Hetherington, 8. M. Horvath, L. B. Jaques, 
Bruno Kisch, Max Kleiber, Harold Lamport, 
Julian P. Maes, R. A. McFarland, C. T. Morgan, 
C. A. Moyer, I. T. Nathanson, E. A. Pinson, 
Efren C. del Pozo, W. C. Randall, J. W. Reming- 
ton, M. J. Schiffrin, G. M. Schoepfle, W. W. Scott, 
M. H. Soley, Clara Torda, D. B. Tyler, Shih-Chun 
Wang, D. F. Waugh, J. M. Werle, Grace E. Werten- 
berger, Herman S. Wigodsky, J. H. Wills, E. H. 
Wood. 

All of these nominees are accorded provisionally 
all the privileges of membership until such time 
as the Society can complete the election in accord- 
ance with the Constitution. 

The Council recommends that the dues for 1944 
be set at $2.50. 


Supplemental, May 15, 1944. 

Dr. Homer Smith has been appointed to the 
Board of Publicaticn Trustees for the 194447 
term to succeed Dr. H. C. Bazett whose second 
term of office has been completed. 

Dr. H. C. Bazett has been appointed to repre- 
sent the Society on the Division of Medical 
Sciences of the National Research Council for 
three years to succeed Dr. Lawrence Irving. ™ 

The following members have been recommended 
by the Council for election by the Society at its 
next annual meeting: Marie Wecker Burrill, Leigh 
Edward Chadwick, William Doyne Collings, 
Alfred Lewin Copley, Andre Frederic Cournand, 
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Jefferson Martineau Crismon, Robert Croly 
Darling, Edwin 8. Fetcher, Dorothy Fetter, Piero 
Pio Foa, Leslie Willard Freeman, Austin F. 
Henschel, Theodore Louis Jahn, Robert Eugene 
Johnson, Jerzy Kaulbersz, Robert Cleveland Lee, 
Nathan Lifson, Victor Lorber, G. W. Manning, 
Gordon Marsh, Arthur W. Martin, Jr., Georges 
M. C. Masson, Augustus Taylor Miller, Jr., Evan 
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William McChesney, Charles Neumann, Donal 
M. Pace, Charles Mare Pomerat, Hermann Rahy, 
David J. Sandweiss, Malvina Schweizer, Harry 
Shay, Irwin W. Sizer, J. Clifford Stickney, Henry 
Longstreet Taylor, Jay Tepperman, Julian \f 
Tobias, Richard Tyslowitz, Walter S. Wilde. 
W. O. Feny 
Secretary 












THE AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS, INCORPORATED 


ABSTRACT OF THE EXECUTIVE 
PROCEEDINGS OF A MEETING OF 
THE COUNCIL, APRIL 28, 1943 


OFFICERS AND COMMITTEES 


Officers for the Year 1943-44: President, E. A. 
Doisy; Vice-President, A. B. Hastines; Secre- 
tary, A. K. Batis; Treasurer, W. C. Srapie. 
Additional Members of the Council: R. J. ANDER- 
son, H. T. Crarkxe, W. C. Rose. Nominating 
Committee: D. D. Van Stryke (Chairman), G. O. 
Burr, H. B. Lewis, W. M. Cuark, C. L. A. 
Scumipt, W. R. Buioor, H. A. Marrtitu, C. F. 
Cort, V. C. Myzrs. 

Editorial Committee (for the term 1939-45): 
P. A. SHarrer (Chairman), A. N. RicHagrps, 
V. pu ViGNEAUD; (for the term 1941-47) W. R. 
Boor, H. A. Matrtitu, C. L. A. Scumipt; (for the 
term 1943-49) H. D. Dakin, J. M. Luck, D. W. 
WILSON. 

Editorial Board: To be chosen by the Editorial 
Committee. 

Finance Committee: H.T. CLARKE (Chairman), 
R. J. ANDERSON, D. D. Van SLYKE. 

Assistant Treasurer: Irving Trust Company, 
New York City. 

Counsel: Luoyp N. Scott, 535 Fifth Avenue, 
New York. 

Representatives to the National Research Council: 
Division of Medical Sciences, A. B. HaAstinGs 
(1942-45); Division of Biology and Agriculture, 
P. E. Howe (1942-45). 

Representatives on the Council of the American 
Association for the Advancement of Science: P. A. 
SHAFFER, V. DU VIGNEAUD. 

Committee on Biochemical Nomenclature: E. M. 
NELson (Chairman), H. C. SHerman, E. V. 
McCo uv, E. 8. G. Barron. 

Program Committee: The Council. 

Representative on the Control Committee of the 
Federation Proceedings: C. G. KinG. 

Historian: R. H. Cu1tTENDEN. 

Committee on Chemical Service to Medicine: V. 
pu VIGNEAUD (Chairman), D. D. Van Stykxs, E. 
A. Dorsy, ex. off. 


Committee on National Defense: E. A. Dost 
(Chairman), R. J. ANDERSON, A. K. BA.is, W.\, 
Crark, H. T. Crarxe, A. B. Hasrtinas, C. 6 
KING. 

The Editorial Committee reported that durig 
1942, 560 manuscripts and 81 letters to the Editor 










































ABST: 


were handled and a total of 4,273 pages was printed a 
as compared to 5,100 pages in 1941. Publication d a 7 


the Journal involved a net loss to the Society of 
$923.57. The format of the Journal has bee 
changed to increase the number of words per pag 
by about 18 percent. 

The Treasurer reported that the running ¢e 
penses of the Society for 1942 exceeded his receipt 
by $20.53. Cash on hand however was $1330.38 
The Council authorized the Treasurer to purchas 
United States Bonds when he considered bi 
balance justified doing so. The dues of the Society 
were retained at $2.50. 

The Council authorized the preparation ail 
printing of a Cumulative Index to volumes 126-1il 
of the Journal of Biological Chemistry, and it 
free distribution to subscribers. A limited numbt 
of copies of the previous Cumulative Indexes 
still available and it was voted to supply sud 
copies free to former subscribers of the Jourtl 
upon request until the number of each Index 
maining is 75 copies. These remainders will ! 
reserved for the Journal’s use. 

A history of the Society of Biological Chemist 
has been written by Dr. Russell H. Chittende! 
The Council authorized the Managing Editor @ 
the Journal to publish this history as a separilt 
item to be given to members free and to be offertl 
for sale to other interested parties at a price to} 
determined by the Managing Editor. The Coundl 
also authorized payment of the usual expenses! 
running the Treasurer’s and Secretary’s offi 
and voted to appropriate from the treasury aS! 
of $1.00 per member to the Federation to pay i 
publication of the Proceedings. 

The Council also authorized the President 
appoint a Committee to make recommendati! 
on revising the By-Laws. 
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The afternoon session was devoted to the 
Society’s Committee on National Defense. The 
‘ouncil authorized the Committee to make a 
survey of the present activities of members and to 
ake such steps as were found practicable to in- 
rease if possible participation in the war effort. 

Deceased Members (as of April 28, 1943): Ross A. 
jortner, September 30, 1942; Lawrence J. Hender- 
on, February 10, 1942; Arthur D. Hirschfelder, 
ctober 11, 1942; Ondess L. Inman, July 21, 1942; 
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Laurence S. Moyer, June 8, 1942; L. Pincussen, 

November 30, 1941. 
ARNOLD Kent BALLS 

Secretary 

[The Council of the American Society of Bio- 

logical Chemists held a meeting May 11 and 12, 

1944. The Secretary’s report of the business 

transacted was not available in time for publica- 

tion in this (June) issue of the Federation 
Proceedings.—Ed.] 


THE AMERICAN SOCIETY FOR PHARMACOLOGY AND 


ois 
VM 
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ABSTRACT OF COUNCIL PROCEEDINGS, 
luring 1942-43 


e April 1942: The President appointed Drs. George 
- B. Wallace and N. B. Dreyer, as representatives 
io 















rom The Society, to the Council of the American 
Association for the Advancement of Science and 
he Association of American Biological Societies. 
July-October 1942: Because of war conditions 
pnd especially because of advice received by the 
ederation from Mr. Eastman, Director of Trans- 
portation, the question of holding the 1943 annual 
meeting was re-considered. In this connection, the 
becretary wrote on two occasions to Mr. Eastman 
rithout receiving an answer. The Council voted 4 
02in favor of postponing the Cleveland meeting. 
ater the Federation Executive Council voted 10 
02 for postponment. 


aty of 
been 
r page 


ig ek 
ceipti 
30.38) 
-chas 
d his 
ciety 


2 and 




















eo August 1942: Dr. K. K. Chen, for the Eli Lilly 

°., offered The Society a $1000.00 prize, yearly, 
a ora period of three years. This prize, to be called 
‘ oil ‘The John J. Abel Prize’’ is to be given to the 


member of The Society presenting ‘‘the most 
meritorious pharmacological research’? at the 
Annual Meeting. With the prize, is to be given a 
fold medal, inscribed, ‘‘given by the Eli Lilly 
ompany .”” 

This generous offer was accepted by the Council. 
During the next few months the Council studied 
tor Wiiethods of awarding the prize but was unable to 
parue@rrive at a satisfactory solution. It was therefore 
vffereimecided that the method of awarding this prize be 
, tolmmecided by the members at the next Annual 
ountimeleeting. 


urn 
ex 
rill 


nistt! 
det 


ses itm January 1943: In lieu of an Annual Meeting 
offi stracts were collected and published in the 
a sim cderation Proceedings. 

ay {if April 1948: The Council voted to approve the 


equest of the Treasurer, Dr. Nelson, to close the 
ent tigmooks, 
jatioifm™ The books were audited by Drs. Chapman 
tynolds and Gerhard Katz. 


EXPERIMENTAL THERAPEUTICS, INC. 


Deceased Members: Brown, Wade Hampton, 
Aug. 4, 1942; Cohen, Seymour J., June 11, 1942; 
Crile, George W., Jan. 7, 1943; Hirschfelder, 
Arthur D., Oct. 11, 1942; Walton, D. C., Mar. 6, 
1942. 

RayMmonp N. BIETER 
Secretary 


ABSTRACT OF COUNCIL PROCEEDINGS, 
1943-44 


The officers and committees elected at the 
Boston Meeting in 1942 were continued over into 
this year, in the absence of an Annual Meeting. 

May 1943: Dr. Carl Schmidt asked to be relieved 
of his position of Editor in Chief of The Journal 
of Pharmacology and Experimental Therapeutics. 
His resignation was accepted by the Council. 

Dr. George B. Wallace was elected to the posi- 
tion of Editor in Chief of The Journal by the 
Council, on a year to year basis. Dr. Wallace 
accepted the position. 

August 1943: The Treasurer, Dr. Nelson, recom- 
mended that the dues for 1943-44 be $2.00. The 
Council voted to approve this recommendation. 

September 1943: The Federation Executive Com- 
mittee voted not to hold an annual meeting in 
1944 by a vote of 9 to 2. 

October 1943: The Treasurer, Dr. Nelson, was 
instructed to send Dr. Hooker, Federation Seere- 
tary-Treasurer, a check for $283. ($1 per member) 
for the Federation Proceedings. 

December 1948: Professor F. R. Winton, Acting 
Secretary of the British Pharmacological Society, 
wrote that Professor J. A. Gunn wished to retire 
as their representative on the Editorial Board of 
The Journal of Pharmacology and Experimental 
Therapeutics, and it was suggested that Professor 
J. H. Gaddum succeed him. 

The Council voted to accept the resignation of 
Professor Gunn and to approve the appointment 
of Professor Gaddum. The Council furthermore 
voted to instruct the President to send a letter of 
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appreciation to Professor Gunn for his long and 
valuable service on the Editorial Board of The 
Journal. 

The vote of the Council to hold the Annual 
Meeting in Cleveland in 1945 was a tie, three for 
and three against. The Federation Executive 
Council voted 10 to 3 in favor of holding this 
meeting. 

The Council voted not to arrange a Symposium 
in manuscript form for 1944. 

The Council voted to arrange a by-mail election 
of officers and new members in the spring of 
1944. 

January 1944: In lieu of an annual meeting, 
abstracts were collected and published in the 
Federation Proceedings. 

January-March 1944: The Council voted to hold 
a Council Meeting in Baltimore, to notify the 
members of this meeting and to request proposals 
for membership, and to invite the Membership 
Committee and the Chairman of the Nominating 
Committee. The date of the meeting was set for 
April 19-20 at Hotel Stafford. Notices concerning 
these activities were sent to the members on 
January 1, and March 22, 1944. 

March 1944: The National Research Council 
notified the Secretary that the term of Dr. E. K. 
Marshall, Jr., The Society’s representative to the 
Division of Medical Sciences expires June 30, 1944. 
The name of the new representative was requested 
by April 1st. The Council voted to elect Dr. E. M. 
K. Geiling as The Society’s representative, and so 
notified the National Research Council. 


ABSTRACT OF COUNCIL MEETING, 
APRIL 19-20, 1944 


The meeting was called to order by the President 
in the Hotel Stafford, Baltimore, Md. at 9:30 
A.M. Those present were: E. K. Marshall, Jr., 
President; C. A. Dragstedt, Vice-President; E. E. 
Nelson, Treasurer; McKeen Cattell, Councilor; 
Ralph G. Smith, Councilor; Harry Gold, Chair- 
man, Membership Committee; M. H. Seevers, 
Membership Committee; H. B. Haag, Membership 
Committee; H. O. Calvery, Chairman, Nominat- 
ing, Committee; Raymond N. Bieter, Secretary. 

The reading of the Minutes was dispensed with 
since they were approved by last year’s Council. 

The Secretary read the abstracts of the Council 
Proceedings for 1942-43 and 1943-44. These were 
approved for publication in the Federation Pro- 
ceedings together with this abstract of the Council 
Meeting. 

Reports received, read and accepted. In each in- 
stance it was also voted to instruct the Secretary 
to file the complete reports. 

1. Report of Dr. N. B. Dreyer, Society Repre- 
sentative, on the meeting of the Union of Ameri- 


can Biological Societies in February 1943 iy 
Philadelphia. 

2. Report of Journal Editors: that of Dr. Cal 
F. Schmidt covered the period, March 28, 1942 t 
June 30, 1943, and that of Dr. George B. Wallac 
covered the period, July 1, 1943 to April 1, 1944. 

3. Report of the Treasurer, Dr. E. E. Nelson. 
The President appointed Drs. M. H. Seevers ani 
Herbert O. Calvery auditors. The auditors ap 
proved the report. 

Dr. Nelson moved that the dues for the comix 
year be $3.00. This was approved. 

Dr. Nelson moved it be recommended to The 
Society that The Society pay, at least in part, the 
expenses of the Treasurer to the Annual Meeting 
because the Treasurer holds office for a number of 
years, thus necessitating his presence at every 
meeting whether he can afford it or not. This was 
approved. 

4. Report of the Nominating Committee, sub- 
mitted by the Chairman, Dr. Herbert O. Calvery. 
The Council approved a ballot to be submitted to 
the members by mail. 

5. Report of the Membership Committee, sub 
mitted by Dr. Harry Gold, Chairman, and Dn. 
M. I. Seevers and Harvey Haag. As a result of the 
joint meeting of the Membership Committee ani 
the Council, a list of 33 names will be submitted 
to the members of The Society. This ballot, to be 
submitted by mail, was approved by the Council 

On September 20, 1943, Dr. Chauncey D. Leake 
wrote to the Secretary requesting that the Coun¢l 
consider the question of union of The Society for 
Experimental Biology and Medicine and The 
Federation. After considerable discussion th 
Council voted not to recommend this to Th 
Federation Executive Committee because of the 
differences in character and purpose of the tw 
societies. 

On February 17, 1944, Drs. Robert A. Woodbur 
and Benedict E. Abreu wrote to the Secretar 
requesting that the Council consider the questi 
of encouraging Edwards Brothers, Ann Arbor, 
Michigan, to prepare a preprint of Heffter’s Han? 
buch der Experimentellen Pharmakologie une 
the jurisdiction of the Alien Property Custodiat 
The Council voted to approve this recommenti 
tion and to call the attention of all members 4 
this action. 

Deceased Members: Barbour, Henry Gray, Sef 
23, 1943; Bullowa, J. G. M., Nov. 9, 1943; Coombs 
Helen C., Mar. 4, 1944; Ets, Harold N., June 
1943; Hatcher, Robert A., April 1, 1944; Hender 
son, Yandell, Feb. 18, 1944; Koller, Carl, Mar. 
1944; Salant, William, Dec. 10, 1943; Walla 
Edward W., July 11, 1943. 

Raymonp N. Bret 
Secret 
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THE AMERICAN SOCIETY FOR EXPERIMENTAL PATHOLOGY 


INTERIM REPORT OF THE SECRETARY 
(March 31, 1944) 
OFFICERS AND COMMITTEES 


President: BALpuIN LuckE, University of Penn- 
sylvania, Philadelphia, Pennsylvania. 

Vice President: Paut R. Cannon, University of 
Chicago, Chicago, Illinois. 

Secretary-Treasurer: H. P. Smiru, State Univer- 
sity of Iowa, lowa City, Iowa. 

Councilors: Douautas H. Sprunt, Duke Uni- 
versity, Durham, N. C.; Frirepa 8. Rospscueit- 
Ropsins, University of Rochester, Rochester, 
2. 

Representatives on the Council of the American 
Association for the Advancement of Science: MAt- 
coum H. Soute, University of Michigan; E. B. 
KRuUMBHAAR, University of Pennsylvania. 

Representative on the Council of the Union of 
American Biological Societies: Morton Mc- 
'UTCHEON, University of Pennsylvania. 
Representative on the Eli Lilly Award Committee 
Jointly with Society of American Bacteriol- 
gists): For Nominations: Doctor Morton 
IcCutcHEON, University of Pennsylvania; For 
ward: Docror Suietps Warren, Harvard 
Jniversity. 

The last regular meeting of this Society was held 
n Boston, April 1-3, 1942. The meetings scheduled 
or the Spring of 1943 and for the Spring of 1944 
were cancelled because of the war and the attend- 
ant difficulties in securing transportation and 
otel accommodations. In order to carry on the 
educed functions of the Society, the following 
uestion was sent to all members of the Society: 
‘Shall the present members of the Council be 


authorized to hold office for the period of the 
emergency ?’’ The vote was 209 to 5 in favor of the 
proposal. 

The Council then considered the advisability 
of holding a series of small regional meetings in 
order to provide an opportunity for discussion of 
current papers and problems. It was recognized, 
however, that a very large percentage of our 
members are directly concerned in the war effort 
and that regional meetings would probably not 
be very successful. It was decided, therefore, to 
defer action on this proposal. 

In accord with the policy of the Federation, 
members of this Society contributed short ab- 
stracts of current work for publication during 
1943 and 1944 in the Federation Proceedings. 

No additional members have been elected to the 
Society since the last regular business meeting. 
Several nominations have been received. Con- 
sideration is being given these cases by the 
Council. 

The total membership as of March 21, 1944 was 
296. Resignations of Doctors John F. Anderson, 
Stuart Graves and J. E. Sweet have been received 
and accepted by the Council. The Council notes 
with regret the death of the following members: 
Dr. Wade H. Brown, August 4, 1942; Dr. Andrew 
Watson Sellards, December 1, 1942; Dr. H. Gideon 
Wells, April 26, 1943; Dr. Carl Wesley Apfelbach, 
June 25, 1943; Dr. Karl Landsteiner, June 26, 1943; 
Dr. Leslie T. Webster, July 12, 1943. 

The records of the Treasurer show receipts of 
$850.48 and disbursements of $788.93 during the 
period of this report. Total cash on hand, March 
31, 1944 was $1478.12. 

H. P. Smrru, M.D. 
Secretary-Treasurer 


AMERICAN INSTITUTE OF NUTRITION 


RESUME OF THE COUNCIL MEETING, 
MARCH 27, 1944 


In the absence of a regular meeting of the 
ustitute, the Council met in special session in 
Detroit on March 27, 1944. 

Note was taken of the death of two members of 
he Institute during the past year, namely, Dr. 
ussell H. Chittenden and Dr. L. S. Palmer. 
After extended discussion, the Council decided 
hat due action should be instituted regarding 
hanges in the By-Laws with respect to the 
imitation of the number of members and also as 
egards Emeritus membership. 


The following were approved for election to 
membership: R. H. Barnes, J. P. Chandler, G. K. 
Davis, A. H. Free, Jean E. Hawks, D. M. Heg- 
stedt, Gladys M. Kinsman, J. K. Loosli, L. W. 
McElroy, W. A. Perlzweig, Thelma Porter, V. P. 
Sydenstricker, M. W. Taylor, A. DeM. Welch. 

The Editor of the Journal reported that: During 
the year 1943 volumes 25 and 26 of the Journal of 
Nutrition were published; they contained 121 
papers. There were submitted for publication 
during the year 176 articles. The average number 
of papers printed per issue in volumes 25 and 26 
(including in the calculation the pages needed for 
the index) was 10.9, which represented a slight 
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improvement over the preceding year and ap- was reached that henceforth the anonymity ¢ 
proximated very well the 10 which the editorial Committees of Judges of all awards given unde 
policy strives for. the auspices of the American Institute of Nutr. 
During the year a combination of circumstances tion be permanently preserved. 
operated to cause a delay in appearance of various The Treasurer’s report, audited by Drs. F.§, 
issues. The Federal Government has established a Daft and G. J. Cox, was presented. As of March |, 
system of censorship of scientific publications. 1944, there was a cash balance of $803.04 whic 
Loss of key trained personnel from the printing sum includes a balance of $87.14 from funk 
shop was another contributing factor; this made deposited with the Institute by Nutrition Ab 
it necessary for Wistar Institute to undertake to stracts and Reviews for expenses incident to th 
train many new people. As a result of the various work of the American Editor. There was an over 
efforts made, the delay in appearance of issues has __all gain of $73.40 in the past year. 
been steadily decreasing. If no further complica- The dues for 1944-45 were fixed at $2.00 pe 
tions arise, it is reasonable to expect that some member and it was recomntended that $1.00 px 
time during 1944 issues will begin to appear in member be paid from the Treasury for support ¢ 
accordance with the usual schedule. Federation Proceedings. The Council voted $25.4 
On January 15, 1944, the War Production Board for the past year secretarial assistance for the 
issued its paper limitation order restricting the Treasurer and $25.00 each for the Secretary ani 
allowance of paper to 85 per cent of that used in Treasurer for the same purpose for the comix 
1943. Because of this it became necessary to year. The Council acted to approve a grant d 
increase the amount of printed material per page. $10.00 from the Treasury in support of the Place 
This was easily accomplished by reducing the size ment Service of the Federation. 
of the margins. The binding size of the Journal President Lewis appointed the following Nomi- 
was not changed. The February, 1944, issue was nating Committee for 1944-45: Drs. H. 4 
the first to be printed with this new format. Martity, Chairman, N. B. Guerrant, A. 6. 
The five-year term of the Editor expired during Hoaan, F. J. Stare and Jet C. WINTERS. 
the spring of 1944. The Editorial Board therefore Dr. L. A. Maynard was reappointed as repress 
conducted an election and re-elected the Editor : 4 eka aaah 
tative of the Institute of Nutrition to the Divisio 
for another term. : ‘ ‘ 
The Council expressed appreciation of the satis- of B iology and Agriculture of the Nation 
factory way in which the Journal had been man- Research Council. 20! ite 
aged by the Editor and Associate Editors. Action on the invitation to join the Union d 
The Secretary reported that the appropriate American Biological Societies was deferred by 
committee of Judges had selected Dr. A.G. Hogan the Council unti! the subject could be discussel 
as recipient for the Mead, Johnson & Co. Vitamin in open meeting. 
B Complex Award and Dr. E. V. McCollum for the ARTHUR H. Smits 
Borden Award. In this connection, the decision Secretar) 
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SYMPOSIUM ON SUBSTITUTES FOR ANIMAL PROTEIN IN NUTRITION 


INTRODUCTION AND DISCUSSION OF THE AMINO ACID 
COMPOSITION OF PLANT SEEDS 


HUBERT BRADFORD VICKERY, CuHarrman 


Connecticut Agricultural Experiment Station, New Haven, Conn. 


The use of plant seeds as food is one of the most consumed is furnished by the beans, peas, lentil 
ancient as well as one of the most universal prac- and especially in the Orient but increasingly # 
tices of mankind. Although innumerable kinds of | America by the soy beans. Together, these kind 
seeds find their way into the human diet, the most of seeds form the basis of the diets of the greaté 
extensive use is made of two great classes of plants, part of humanity. 
the cereal grains of the grass family on the one Under the conditions of relative plenty ti! 
hand and the legumes on the other. Wheat, rye, exist in the United States, it is rare that reliatl 
barley, oats, corn and rice make up the greater is placed for any protracted length of time upot! 
part of the commonly used seeds of the one class; diet that consists of a single kind of seed. Expe 
and the balance of the vegetable protein that is ence and instinct alike dictate that more or !é 





FEDERATION PROCEEDINGS 


ariety be introduced. Deficiencies in one or 

another dietary essential are therefore in general 
compensated, and pronounced symptoms of defi- 
ciency diseases are seldom encountered. At the 
present time, however, there are restrictions upon 
the free choice of dietary components and, for 
economic as well as strategic reasons, substitu- 
tions among foodstuffs have become essential. 

It is the purpose of the present symposium to 
consider certain aspects of the dietary problems 
that are thus raised, and to show, in so far as this is 
possible, that substitution if wisely made in itself 
involves no necessary dietary risk despite the 
violence it may do to personal tastes and habits. 

It is traditional in this country to include in the 
diet a large proportion of proteins of animal origin. 
According to estimates recently made (1), meat, 
dairy products, eggs and poultry have together 
furnished from 52 to 57 per cent of the average 
protein intake, the grains from 28 to 37 per cent, 
and fish between 2 and 8 per cent. This distribution 
is the result of a complex of economic conditions 
and food habits; in the present war emergency 
some modification is inevitable. 

Because of the prospective shortage in the pro- 
duction of animal proteins and of the increased 
demands upon American sources of these proteins 
by our allies, this modification must take the 
direction of an increase in the proportion of pro- 
teins of vegetable origin used in the average diet. 
Surveys of the situation made under the auspices 
of the Food and Nutrition Board of the National 

esearch Council have indicated that only a 
imited number of vegetable foodstuffs need be 
considered in any large scale program of substitu- 
ion. Soy beans, peanuts, wheat germs, corn germs, 
and the so-called food yeasts are the chief products 
hat are being, or can be, made available in the 
large quantities that are necessarily involved, and 
attention is therefore restricted in this symposium 
0 the proteins of these materials. 

Experience with a number of purified proteins 
irom animal sources has shown them to contain all 
of the amino acid components that are required for 
growth, for maintenance in health, and for repro- 
duction, if fed to animals at certain levels of intake 
n otherwise adequate diets. An estimate of the 
hdequacy of some other protein, or protein-rich 
oodstuff, may therefore be made in terms of one 
br other of the better-known proteins employed 
ts a standard. Casein or lactalbumin has fre- 
luently been used for this purpose where emphasis 
las been placed upon freedom from non-protein 
omponents in the standard material. Otherwise 
uch materials as whole egg-white protein, or meat 
protein have been employed. 

For this type of comparison, isolation of the pure 
proteins from the material under examination is 

ot essential. In the case of a plant seed, it suffices 
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to compare the nutritive effect of the whole seed 
meal or protein concentrate therefrom with the 
arbitrarily chosen standard in properly designed 
feeding experiments. The results of numerous tests 
of this type upon the nutritive effect of soy beans 
and of peanuts are described in the paper by Jones, 
together with tests of the supplementary effect of 
these materials upon the proteins of wheat. 
Analogous experiments upon the nutritive effects 
of the germs of wheat and of corn are reviewed by 
Stare and Hegsted. 

Although large amounts of yeast are produced 
and used for animal feeds in this country, the 
quantities that find their way into human food are 
not great. Nevertheless, yeast, and especially the 
newly developed varieties of Torula yeasts appear 
to offer important possibilities as food for man. 
The present situation with respect to the use of 
yeast as human food is reviewed in the paper of 
Carter and Phillips. In the final paper McCay 
discusses, from the point of view of one concerned 
with the feeding of men in the armed forces, the 
general problem of the enrichment of bread and 
other bakers’ products with protein of superior 
nutritive value. 

Direct comparison of one foodstuff with another 
is not, however, the only way in which an estimate 
of values in nutrition can be made. If accurate 
information on the amino acid composition of a 
vegetable foodstuff can be secured, it becomes 
possible to make an estimate of its absolute value 
as a source of food protein. Some of the factors 
involved in the solution of this difficult problem 
are discussed in the following paper. 


ON THE AMINO ACID COMPOSITION OF PLANT SEEDS 


The adequacy or inadequacy of a given protein 
to promote the growth of young animals or to 
maintain fully grown animals in nitrogen equi- 
librium has been shown to depend on the composi- 
tion of the protein with respect to the amino acids 
that it yields. Even if only one of the ten amino 
acids known to be essential (2) is supplied in less 
than optimal quantities, nutritive failure results. 
Accordingly the problem of the substitution of one 
protein for another in the diet can be reduced to 
the question of the relative composition with 
respect to these amino acids. If this composition is 
known, one can predict with some assurance the 
levels at which the two proteins will give essen- 
tially the same nutritive effect. Furthermore, in 
those cases where there is a marked deficiency in 
one or more amino acids, it becomes possible to 
select supplementary proteins rich in the particu- 
lar amino acids and to correct the deficiencies. 
Knowledge | the amino acid composition both of 
the standard proteins or protein foodstuffs and of 
the products to be considered as partial or com- 
plete substitutes for them is therefore essential to 
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an intelligent selectionfof the components of a 
mixed protein diet. ; 
It is the purpose of the present discussion to 
point out some of the difficulties that arise when 
complete and accurate information is required 
upon the amino acid composition of the vegetable 
products that are being advocated as partial 
substitutes for the better known proteins of 
animal origin in the human diet. These difficulties 
are of two kinds; the purely technical ones that 
arise from the inadequacies in analytical methods, 
and the far more serious ones that have to do with 
the selection, preparation and purification of the 
protein material that is to be subjected to analysis. 
The situation with respect to analytical methods 
for the determination of the amino acids essential 
in nutrition has been enormously improved within 
the past three years. A survey made a few years 
ago (7) suggested that of the ten amino acids con- 
cerned, only five (tryptophane, methionine, argi- 
nine, histidine, and lysine) could be conveniently 
determined with a satisfactory degree of accuracy. 
As a result of recent increase in interest in amino 
acid chemistry as well as in nutrition, it is prob- 
able that today data upon all ten essential amino 
acids can be readily secured with an accuracy 
adequate for most practical purposes and with 
only a moderate expenditure of time and material. 
The vital problem of the determination of 
threonine has been solved by the publication of 
the beautiful method of Shinn and Nicolet (8) 


1It should be emphasized that these statements 
are based upon growth and nitrogen equilibrium 
studies conducted with animals. With respect to 
the situation in human nutrition, Rose (3, 4) has 
recently shown, 1) that the twelve amino acids 
previously demonstrated to be dispensable for 
rats and dogs in growth experiments are likewise 
dispensable for the maintenance of nitrogen equi- 
librium in man for a period of 8 days; 2) that a 
mixture of the ten amino acids previously shown to 
be indispensable for the growth of rats adequately 
maintains nitrogen equilibrium in man for 8 days; 
3) that valine, methionine, threonine, leucine, iso- 
leucine and phenylalanine are necessary constit- 
uents of the diet of man; and 4) that histidine is 
not necessary for the maintenance of nitrogen 
equilibrium in human subjects at least for a short 
period of time. Holt and his associates (5) have 
presented evidence that tryptophane and lysine 
are necessary to maintain nitrogen equilibrium in 
man and that a temporary deficiency of arginine, 
although it does not result in a negative nitrogen 
balance, gives rise to a reduction in the number of 
spermatozoa. More recently (6) they have reported 
that methionine is also essential for the preserva- 
tion of nitrogen equilibrium in man but that trials 
with cystine led to inconclusive results. 
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which has now been widely applied to proteins 
important in nutrition (9). 

The baffling question of the separate determina. 
tion of valine, leucine, and isoleucine seems now 
on the point of being finally answered. These three 
mono-amino acids have long presented almost 
insuperable difficulties. The data secured by the 
early investigators, who of necessity employed the 
Fischer ester distillation method, provided sound 
qualitative information with respect to valine and 
to the mixture of the two leucines, but there could 
be no assurance of the quantitative accuracy, 
However, minimal levels were established fora 
number of important proteins and these served 
many practical requirements pending the develop. 
ment of more accurate methods. The publication, 
during the past year, of a series of papers (10, ll, 
12, 13, 14) in which microbiological methods for the 
separate determination of valine, leucine, and iso- 
leucine are described has placed the analytical 
chemistry of these substances upon an entirely 
new footing. Although the solubility product 
method of Bergmann and his associates (15), as 
well as the isotope dilution method of Rittenberg 
and Foster (16, 17), have been employed for the 
determination of leucine, neither method has as 
yet been widely applied. Accordingly, although 
data by these highly accurate methods are greatly 
to be desired to establish the leucine content of at 
least a few important proteins in order to provide 
controls upon the accuracy of other procedures for 
the determination of leucine, the new microbiolog:- 
cal methods are particularly welcome inasmuch 
they render it possible to determine all thre 
amino acids independently. All of the difficulties 
these methods do not yet seem to have been sur: 
mounted since the agreement among the different 
workers in the field still leaves something tobe 
desired. Nevertheless there is little doubt that, 
within a relatively short time, information on the 
composition of many proteins with respect to thes 
substances will have become available. 

The determination of phenylalanine still © 
mains somewhat of a problem. A colorimettt 
method was described some years ago by Kapeller 
Adler (18) which has been extensively used by 
Block both in its original form and in a modific 
tion (19), but neither the solubility produtl 
method nor the isotope dilution method has ye 
been adapted to this purpose, and thus the neces 
sary data to serve as evidence of the accuracy 4 
the much more convenient colorimetric method at 
still lacking.? On the other hand, Gordon, Martit 
and Synge (20) have recently described a method 
of partition chromatography for the separation al 


2 There is little doubt that a microbiologitl 
method will shortly be developed. An attempt" 
do this has already been made by Hegsted (13). 
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he mono-amino acid components of protein 
ydrolysates which appears to hold considerable 
romise, especially for the determination of 
yhenylalanine. Again, however, too few data by 
his new method have yet been accumulated to 
erve as a control on other procedures. 

It would appear, from what has been said, that 
he accurate determination of the amino acids of 
rreatest significance in nutrition is today a problem 
owhich a moderately satisfactory answer can be 
riven. The situation is quite different with the 
pplication of the analytical methods to the vege- 
able products now becoming of greatest signifi- 
ance as substitutes for animal proteins in the 
human diet. 

What is needed is a statement of the amino acid 
omposition of the total protein of these vegetable 
products. What is to be found in the literature are 
more or less incomplete and seldom entirely trust- 
orthy tables of the composition of purified 
amples of the chief protein components. What is 
isually entirely lacking is accurate information 
pon the ratio of the quantity of the protein 
omponents that have been analyzed either to the 
otal protein or to the weight of the seed itself. 
urthermore there is practically no information 

hatever available regarding the composition or 
he relative quantity present of the subsidiary or 
hinor proteins of these foodstuffs. 

The opinion appears to be widely held that all 
hat is required is to subject samples of the food- 
tuff directly to hydrolysis for the liberation of the 
mino acids and to carry out the specific analytical 
procedures upon the solution that is thereby se- 
ured. Purification of the material by extraction 
‘ith fat solvents would doubtless be generally 
ecognized to be desirable, but separation of the 
proteins themselves from the other components as 

prerequisite to analysis is not at all universally 

onsidered to be essential. s 

The issue is really one of the degree of accuracy 
hat is needed for practical application of the 
sults of amino acid analysis to the problems of 
utrition. If all that is wanted is a demonstration 
hat the proportion of one or more of the essential 
mino acids present is greater than a certain 

inimal proportion related to the level at which 
his amino acid must be fed in order that it shall 
ot become the limiting factor in growth, then it is 
rue that analysis of the impure protein con- 
entrate or of the fat-free meal might provide 
dequate information. However, in the event that 
ie particular amino acid were present normally at 

0 low a level that the losses that are experienced 
uring hydrolysis of the crude protein preparation 
Move a significant part of it, the information 
btained might well lead to a misapprehension 
f the nutritive value of the material under 
onsideration. 
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Most vegetable products employed as foodstuffs 
contain, in addition to protein, a large proportion 
of starch, cellulose, complicated compounds that 
yield uronic acids on hydrolysis, and a wide 
variety of allied substances that may be summed 
up under the general term carbohydrates. When 
proteins are subjected to acid hydrolysis in the 
presence of carbohydrates, a considerable propor- 
tion of the nitrogen of the protein is found in the 
hydrolysate in the form of a black insoluble prod- 
uct known as humin. It has long been known that 
the whole of the nitrogen originally present as 
tryptophane is found in the humin fraction even 
when highly purified samples of protein are hy- 
drolyzed with acid, but the origin of the larger 
proportions of humin nitrogen that are obtained 
when impure samples of protein are hydrolyzed is 
still unknown. The presence of sulfur in such 
humin (21) leads to the inference that cystine and 
methionine are in part destroyed, but which of 
the other amino acids also contribute and to what 
extent is still for the most part a matter of specula- 
tion. Some information on the point is given in 
recent experiments of Kuiken and his associates 
(10) who have demonstrated small but significant 
losses of valine, leucine, and isoleucine when 
casein is hydrolyzed in the presence of carbo- 
hydrates. One may therefore infer that these 
essential amino acids can under such conditions 
also contribute to the formation of humin. Thus 
more or less grave losses of at least five of the ten 
essential amino acids are known to be a possibility 
when impure specimens of protein are subjected to 
acid hydrolysis, and it is obvious that the accurate 
analysis of so crude a mixture as a seed meal 
offers difficulties that hitherto have not been 
surmounted. 

The isolation of the protein components in a 
state of purity and the analysis of these is an alter- 
native solution of the problem. This was the ap- 
proach in the classical work of Osborne and 
Mendel and, in spite of the amazing development 
of the field of nutrition since that time, little in the 
way of improvement over their fundamental 
principle has been suggested. It is especially 
unfortunate, therefore, that research upon the 
isolation and purification of vegetable proteins has 
not kept pace with the progress in the techniques 
of amino acid analysis nor with the advances in 
many other branches of protein chemistry. At the 
risk of placing tedious emphasis upon facts so 
elementary as to be obvious, it may therefore be 
permissible to discuss briefly the problems pre- 
sented by the isolation of the protein components 
of plant seeds in such a degree of purity that 
analyses of real value to the student of nutrition 
may be secured. 

Plant seeds in general contain one or two, or 
sometimes several main proteins that represent 
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the reserve material upon which the young plant 
relies for its supply of nitrogenous nutriment 
during the earliest stage of growth. In the cereal 
grains, this protein is laid down in solid form in the 
cells of the endosperm where it is usually accom- 
panied by more or less starch which is likewise 
stored as a source of nutriment. In the legumes, 
the protein is found often in definite granules in 
the cells of the two cotyledons together with some 
starch, but usually an appreciable proportion of 
fat is present in addition. The storage proteins of 
seeds are characterized by a considerable degree of 
chemical stability and they are not usually sup- 
posed to share in the vital processes of the cells in 
the way that the protoplasmic and enzyme pro- 
teins of living cells do. 

Seeds also contain a small structure known as 
the embryo which develops, when the seed is 
supplied with moisture and oxygen at the correct 
temperature, into a hypocotyl which carries at its 
upper end the first embryonic leaf or leaves, and 
the lower portions of which become differentiated 
into stem and root tissue. The seed is thus a 
complex structure anatomically and contains 
many different kinds of cells each of which has its 
own functions and, accordingly, each of which has 
its own characteristic chemical composition. 

Obviously many different kinds of protein must 
be present besides the main or storage proteins 
that are usually thought of when seed proteins are 
mentioned. It is futile, in the present state of our 
knowledge, to attempt to list the several kinds. 
However, the endosperm or cotyledon tissue must 
contain, in addition to the storage proteins, the 
proteolytic enzymes, themselves proteins, which 
render the storage proteins soluble at the time of 
sprouting, together with the enzymes required to 
convert the starch, fat, and other components into 
water-soluble substances that can be translocated 
into the tissue of the growing embryo and there 
reorganized into new components or otherwise 
utilized. The embryo tissue, in turn, must contain 
the equipment of enzymes? necessary for the usual 
functions of the living cell; those required for 
respiration, for specific synthetic processes and so 
forth, together with the proteins of the proto- 
plasm. Clearly, therefore, the mixture of indi- 
vidual proteins that is obtained when plant seeds 
are ground and extracted with suitable solvents 
must be far from simple. 

The classical approach to the problem of the 
isolation of the proteins of seeds is, first, to devise 
conditions with respect to the temperature, ionic 
strength, hydrogen-ion activity and nature of the 


3 Horvath (22) lists amylases, diastases, pro- 
teases, lipases, urease, uricase, oxidases, and 
peroxidases as having been detected in soy beans 
and gives references to the literature. 
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solvent under which as much as possible of th 
nitrogen of the seed meal can be brought inty 
solution. After clarification of the solution, th 
physical conditions are then so modified that 
much as possible of the protein separates as a solid 
phase. Subsequently fractionation of the produ 
is attempted, again by suitable modification of the 
physical conditions of the solution, and chemic 
analysis of the fractions obtained is relied upon t 
characterize them. Where differences in physical or 
chemical properties of the fractions can be estab. 
lished, the conclusion is drawn that different indi. 
vidual substances have been more or less con. 
pletely separated from each other. Where th 
successive fractions do not differ significantly in 
properties, the tentative conclusion is drawn that 
they represent the same substance. If, by repeti- 
tion of the preparation with as many modification 
of the method as conditions allow, a product 
the same physical and chemical properties i 
invariably secured, there is some justification in 
concluding that a specific and characteristie 
protein component of the seed has been obtained. 

As a rule, an investigation of this type resultsin 
the isolation of one or more fairly well character 
ized preparations that represent the larger part 
of the total protein of the seed as indicated by 
nitrogen analysis, together with minor quantitia 
of less clearly defined material. It is commonly 
assumed that the protein or proteins present il 
dominant proportion represent the reserve ot 
storage protein of the seeds. However, save in the 
early work of Osborne, little attention has usually 
been given to the fractions that are obtained it 
only small yield. It is clear, from the consider: 
tions discussed above, that preparations of th 
proteins present in minor proportion can scarcelf 
be expected to represent homogeneous materidl 
unless special techniques are employed, as {0 
example in Sumner’s isolation of crystalline ures 
from jack bean meal (23). The interest has usual] 
been in the protein or proteins present in larg 
proportion, and it is this part alone that I 
ordinarily been studied with respect to amill 
acid content, physical properties and nutritiv 
effect. Furthermore, because of the special inter 
in accuracy of characterization, emphasis li 
customarily been placed upon purification at t 
expense of yield. 

As a result, only a few of the studies of se 
proteins that have followed the classical patter: 
including even those of Osborne himself, conta! 
satisfactory information on the relative prop 
tions of the main protein components that 
present, and still less information is availabil 
regarding either the composition or the relatit 
proportions of the less well characterized mit 
components. Nevertheless it may frequently 
true that the composition of the minor proteits! 
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ch that they serve to supplement the nutritive 
fect of the main protein with respect to one or 
ore amino acids in which this protein is deficient. 
xamples of exactly this type of supplementary 
fect are known, the details of the case of arachin 
nd conarachin, the main and one of the minor 
roteins of the peanut, being given in the follow- 
g paper by Jones. 

Quantitative isolation of the main proteins in a 
tate of purity, as well as of the fractions that 
epresent the subsidiary proteins, is indeed the 
deal towards which research in this field should 
trive, but it is not an indispensable step in the 
rocess of obtaining information on the true amino 
cid composition of vegetable foodstuffs. For 
nany practical purposes it would suffice if prepa- 
ations that represent accurately the whole protein 
{ the product could be secured, provided that 
hese preparations can be rendered so free from 
on-protein contaminants that the humin formed 
uring acid hydrolysis includes only a truly 
egligible proportion of the nitrogen. This prob- 
m has not, as yet, been adequately solved 
though there are techniques known today that 
ould appear to render it a promising line of 
ttack. A praiseworthy effort to accomplish this 
sindeed been made by Block and Bolling (24, 25) 
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for several of the materials of interest at the 
present time as substitutes for the more widely 
esteemed animal proteins, and an indication of the 
present state of knowledge of these materials is 
given in the following papers. 

Emphasis is placed upon the importance of this 
approach since our present information is un- 
fortunately limited in its scope. It has long been 
conventional to apply newly developed analytical 
methods for amino acids to such well-known ani- 
mal proteins as casein, egg albumin, hemoglobin, 
fibrin, or gelatin, and to an occasional vegetable 
protein such as edestin, wheat gliadin, and zein. 
Up to a year or so ago, amino acid analyses of 
preparations of such proteins as wheat or corn 
glutenin, soy bean or peanut globulins, or of the 
isolated proteins of wheat or corn germs would 
have been regarded as being chiefly of academic 
interest. Today this information is urgently 
needed. Although much can be learned by com- 
parative studies of the nutritive effects of whole 
seed meals or of the flours and concentrates pre- 
pared from them, the knowledge so obtained with 
respect to relative supplementary food value 
remains and will remain empirical until accurate 
information concerning the amino acid composi- 
tion of the proteins they contain has been secured. 
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NUTRITIVE VALUE OF SOYBEAN AND PEANUT PROTEINS 
D. BREESE JONES 


Bureau of Human Nutrition and Home Economics, Agricultural Research Administration, 
United States Department of Agriculture, Washington, D.C. 


Soybean proteins. For centuries the soybean has 
been the chief source of protein in the diet of mil- 
lions of people in the Orient. It is only compara- 
tively recently that its value as a source of high 
quality protein has been recognized in the Occi- 
dent. In the United States it was not until the first 
World War that any general interest was mani- 
fested in the soybean as a possible source of high 
quality protein. Until very recently the small 
amount produced was valued chiefly as a source of 
oil, and the by-product, the press cake, was used 
as a feedstuff for farm animals. In a land of plenty, 
where there is an abundance of meat, milk, and 
eggs for all, it is natural that little thought was 
given to other sources of high quality protein, 
especially for human consumption. 

The classical work of Osborne and associates on 
the proteins of the soybean and their nutritive 
value (1, 2, 3, 4, 5, 6) stimulated an increasing 
amount of investigation on the nutritional proper- 
ties of soybean proteins. There is today an exten- 
sive literature bearing almost unanimous testi- 
mony that the proteins of properly processed 
soybeans have a high nutritive value. 

Anticipating a reduced supply of animal proteins 
in the United States during the war emergency, the 
Food and Nutrition Board of the National Re- 
search Council in 1943 passed a resolution recom- 
mending the use for human food of vegetable 
proteins of superior biological value, among which 
soybeans and peanuts were emphasized. Large 
quantities of soybean flour and soybean grits are 
being used by the Army and shipped abroad for 
Lend-Lease supplies. Increasing amounts of soy- 
bean products are also being used in this country 
for civilian consumption. 

The soybean is one of the richest known sources 
of protein among naturally occurring foods, 
ranging, according to variety, from 30 to 45 per 
cent. 

The superior nutritive value of cooked soybean 
protein has been demonstrated by numerous 
investigators by laboratory feeding experiments 
with rats (1, 7, 8,9, 10, 11, 12, 13). Tests conducted 
at agricultural experiment stations, as well as the 
extensive use of soybean meal in the practical 
feeding of farm animals, have shown that, in 
general, soybean proteins have a high nutritive 
value. There is evidence, however, that not all 
animals can utilize soybean protein with the same 
degree of efficiency. Almquist and co-workers 
working with chicks (14) showed that for this 
species soybean protein is limited by deficiency of 


methionine. Hegsted and Stare (15) at Harvard 
found that although adult dogs could readily kk 
kept in nitrogen balance (equilibrium) at a nitro. 
gen intake of 2.5 to 3 grams per day when thi 
nitrogen was furnished by the protein of skin 
milk powder, wheat germ or corn germ, they couli 
not, however, be brought into such equilibrium 
when soybean flour or soybean grits furnished the 
nitrogen at an intake of 2.5, 3 or 3.5 grams per day, 

There is considerable amount of evidence that 
the human species can satisfactorily digest an 
utilize soybean proteins. In one experiment (16) 
group of 10 adults fed a 20 per cent soybean bres 
as the sole source of protein utilized the nitroge 
to an extent of 80 per cent. Smith (17) at Wayn 
University, working with human subjects, found 
that the protein of autoclaved soybeans, soybeat 
flour, and soybean milk had biological values 9 
96.5 per cent, 91.7 per cent, and 94.5 per cent, ani 
digestibility values of 90 per cent, 93.9 per ceai 
and 89.6 per cent, respectively. 

Soybean milk has occupied a prominent place 
the diet of Orientals for centuries. Tso (18, 19, 
has contributed extensive information on thi 
value of soybean milk as a substitute for cow’ 
milk. Soybean milk has been used to a limitel 
extent in the United States by infants and adul 
that are allergic to cow’s milk. Clinical observs 
tions (21, 22, 23, 24) have shown that infants ¢ 
grow and thrive for periods of over a year with thi 
product as the sole source of protein in their di¢ 
and that it compares favorably with mammailitl 
milk from the standpoint of availability am 
biological value of its protein. 

The extensive investigations of Rose and asi 
ciates at Illinois have shown that the question 
protein requirements in nutrition is essentially 
question of amino acid requirements. A prottil 
lacking in any one of the nutritionally-essent 
amino acids in the diet of an animal results! 
nutritional failure, no matter how much is eatél 
Amino acid requirements of animals, howev 
vary somewhat in different species. Were adequ! 
data available on the amino acid content of diffe 
ent protein foods, it would be a relatively sim 
matter to ascertain their comparative protel 
values. However, any attempt at present to °t 
relate with amino acid composition either # 
nutritive value of protein or their supplemel 
value is very unsatisfactory. Most of the di 
available on amino acid composition were obtail® 
on isolated proteins and these values do not rep 
sent the foods as a whole from which the proteil 
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ere isolated. Furthermore, these values are too 
pw in many cases because of unavoidable losses of 
ino acids involved in their recovery from the 
rotein hydrolysates. Methods for determining 
mino acids in foods without isolating the protein 
re at present largely in the tentative stage. 
Feeding experiments have shown (12, 25, 26) that 
ddition of cystine or methionine to raw soybean 
neal improves its biological value. Addition of 
hese amino acids to the cooked meal, however, 
fects little or no improvement. These results 
night indicate that soybeans contain enough 
stine and methionine. Furthermore, chemical 
nalysis (27, 29, 30) does not indicate a quantita- 
ive deficiency of cystine in soybean protein. The 
sults of feeding experiments with rats and chicks 
how quite definitely that methionine is a growth- 
(16) miting deficiency in raw soybean protein (14, 
bres). ‘The above considerations harmonize with 
trogen ose’s hypothesis that cystine is not in itself an 
Way ccential amino acid, but that it aids in making 
found nethionine more available when present in subop- 
y bea imal amounts. Besides methionine there may be 
es 0 ther less clearly defined amino acid limitations in 
ta biological value of soybean protein which 
T cel@ave not been revealed. These limitations may 
ary with species requirement. Almquist and co- 
orkers (14) have reported that soybean meal 
ade by a controlled heating process was slightly 
eficient in methionine, but was complete with 
espect to all other amino acids required by the 
hick. 
The unusually wide range of differences in the 
hysical characteristics of the large number of 
oybean varieties! raises the question whether 
ere may be also differences in their protein 
utritional values. 
Determination of cystine, tryptophane, and 
yrosine (29, 30) in glycinin, prepared from 10 
arieties of soybeans (Peking, Illini, A. K., 
fanchu, Virginia, Mammoth Yellow, Haberlandt, 
Yunfield, Dixie, and Chiquita), selected on the 
lerit of their widespread popularity among the 
owers in the United States, showed differences 
n the content of their amino acids greater than 
an well be attributed to experimental error in- 
olved in the analytical processes employed. The 
ptophane values ranged from 1.89 per cent for 
he Mammoth Yellow variety to 2.84 per cent for 
he Illini variety. The cystine values ranged from 
4 per cent for Illini variety to 1.46 per cent for 
he Chiquita variety. The Chiquita and Manchu 
arieties contained significantly higher per- 
fntages of cystine than the other varieties. The 
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'W. J. Morse of the Bureau of Plant Industry, 
8. Department of Agriculture, brought from the 
rent samples of soybeans representing about 
500 different types and varieties. 
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Illini variety which contained the highest per- 
centage of tryptophane contained the lowest per- 
centage of cystine, and the Chiquita variety, 
which was among the lowest in tryptophane, con- 
tained the highest percentage of cystine. The 
Peking and Dixie varieties were low in both 
cystine and tryptophane. 

An important consideration when evaluating the 
nutritive properties of the protein of any food is 
the extent to which it can supplement the protein 
value of other foods. Conspicuous among foods 
that contain protein deficient in certain essential 
amino acids are the cereal grains. It has been 
estimated for prewar periods that about 36 per 
cent of the total protein used for human consump- 
tion in the United States was derived from cereal 
grains, chiefly from wheat (31). Were the amino 
acid deficiencies of this class of foods corrected by 
addition to them, in suitable proportions, of other 
protein foods rich in these amino acids, cereal 
grains could beutilized asa most important source 
of nutritionally adequate proteins at relatively 
low cost. 

It has been amply demonstrated (11, 32, 33, 34, 
8) that the proteins of soybean flour are valuable 
supplements for correcting the amino acid defi- 
ciencies of wheat flour. 

Recently a mixture consisting of 5 parts of soy- 
bean flour and 95 parts of wheat flour wag found 
not only to contain 19 per cent more protein than 
wheat flour alone but also to have twice its growth- 
promoting value (9). When the relative propor- 
tions were 10 and 90 the mixture showed practically 
the same value as skim milk powder and four times 
that of wheat flour alone. Even higher supple- 
menting value for soybean flour, as compared with 
that of skim milk powder, has been reported (37). 

Feeding experiments with rats and swine have 
been reported showing that properly cooked soy- 
beans are valuable also as a supplement to corn 
(35, 36). 

It is generally recognized that lysine is an out- 
standing amino acid deficiency in wheat flour. 
Available data leave little doubt that the protein 
of soybeans contains sufficient lysine to compen- 
sate for the deficiency of this amino acid in wheat 
flour. It also appears that wheat flour is low in 
threonine and valine as compared with soybean 
flour. 

Osborne and Mendel (1) first showed that raw 
soybean meal as the sole source of protein in the 
diet will not support growth in rats at a satis- 
factory rate. Heating the meal in an electric oven 
at 110° for 4 hours failed to cause any significant 
improvement. However, after the meal had been 
heated with water for 3 hours on a steam bath and 
subsequently dried, the product promoted growth 
at a normal rate. Although heating ground soy- 
beans in an electric oven causes little, if any, 
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improvement in nutritive value, a considerable 
improvement has been observed (7) when the 
whole beans were heated in a sealed bomb. Ap- 
parently, in the latter case, sufficient of the 
original moisture content of the beans was pre- 
served to effect the increase in nutritive value 
during heating. 

That heated soybean protein is greatly superior 
to the raw protein has been confirmed by numerous 
investigators in studies with rats, swine, chicks, 
and other animals. Their conclusions were based 
on digestibility and metabolism studies as well as 
on gains in body weight (38, 28, 39, 35, 37, 40, 41, 
42,7, 43). 

Considerable attention has been given to the 
question why heating soybeans improves the 
nutritive value of the proteins. The proteins of 
several legume seeds of the genus Phaseolus are 
limited in their nutritive value by a type of in- 
digestibility which can be remedied by moist heat. 
The proteins of the navy bean (44), lima bean (45), 
Chinese and Georgia velvet bean (46), lentil (47) 
and cowpea (48) are rendered more digestible by 
heating with water. Rats will decline in weight 
rapidly and live for only 3 to 4 weeks when fed a 
diet containing either raw navy bean meal or its 
isolated proteins (49) as the sole source of protein 
in the diet. When the meal or its isolated proteins 
are first heated with water and then incorporated 
in the diet animals will barely maintain their 
weight. In vitro digestions of the proteins of the 
navy bean and velvet bean revealed marked in- 
creases in the amount of amino nitrogen liberated 
from the cooked bean proteins over that observed 
in case of the raw proteins (44). Although soy- 
beans do not belong to the Phaseolus genus, the 
results obtained with Phaseolus beans suggest that 
the increase produced in the nutritive value of the 
soybean protein by heating may be also ascribed 
to improved digestibility. However, metabolism 
studies have been reported indicating that heating 
soybeans improves the digestibility of the proteins 
somewhat, but not to an extent commensurate 
with the improvement in general nutritive value. 

The cooking of soybean meal evidently accom- 
plishes two effects upon its protein nutritional 
value in the diet of rats; it makes the addition of 
cystine or methionine unnecessary, and it in- 
creases the growth-promoting value of the proteins 
two-fold or more. On the basis of these observa- 
tions it might be concluded that, in the raw state, 
the soybean proteins are characterized by a type 
of indigestibility whereby certain amino acids are 
tied up in the protein molecule in such a way that 
they can not be assimilated. That cystine and 
methionine are not the only amino acids involved 
in this way is indicated by the fact that addition of 
cystine and methionine to raw soybean meal 
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definitely improves its biological value, but on} 
to about one-half the extent that cooking does, 

Chemical studies on the isolated protein of th 
soybean have contributed material support t 
these conclusions (50). Unmistakable difference 
bewteen the behavior of raw and cooked protein 
were observed in digestion studies in vitro with 
trypsin. After parallel digestions of 100 grams each 
of raw and cooked protein for 96 hours, 63 grams 
the raw protein remained in suspension as con. 
pared with 38 grams of the cooked protein. The 
63-gram fraction of the raw protein retained 4] 
per cent of the total cystine of the original protein 
as against 33 per cent retained by the correspont. 
ing fraction of the cooked protein. 

After removal of the solid fractions referred to, 
the liquid digests of the raw and cooked proteia 
yielded on acidification another incompletely 
digested fraction from each of the digests. The 
fraction from the raw protein weighed nearly § 
grams and that from the cooked protein weighed 
12 grams. All told, 69 per cent of the weight of the 
original raw protein was recovered from the digest 
in an incompletely digested form as against 50 pet 
cent similarly recovered from the digest of the 
cooked protein. The partially digested fractious 
recovered from the digest of the raw protein re 
tained 55 per cent of the total cystine as against 
39 per cent for those of the cooked protein. The 
results show that the raw protein is not only les 
digestible than the cooked protein, but that 
disproprotionate amount of the cystine is tied w 
in fractions largely resistant to digestion. 

Cystine is liberated from the proteins of soybeal 
with much greater difficulty than from other pro 
teins studied. No free cystine could be detectedit 
the digest of raw or cooked isolated soybean pt 
tein after 24 hours’ tryptic digestion. Caseil, 
similarly digested, yielded 80 per cent of iti 
cystine. Soybean protein refluxed with 20 pe 
cent HCl! for 6 hours liberated only about two- 
thirds of the cystine present. Acid hydrolysis 
casein, on the other hand, liberates 20 per cent d 
its cystine in 30 minutes, and all of it in 6 hous. 

Although digestibility studies in vitro on tlt 
isolated proteins of the soybean reveal a different 
in the behavior of the raw and cooked proteili 
toward the action of trypsin, the difference, ho 
ever, does not run parallel with or entirely explail 
the marked improvement in biological value ¢ 
soybean meal after it has been cooked. For it 
stance, there was no difference in the rate df 
liberation of cystine from the raw and cooked 
proteins either on tryptic digestion or on acid 
hydrolysis. It appears that the superiority is 
nutritive value of cooked soybean meal can not be 
attributed entirely to an increased digestibilitf 
of the cooked meal protein. 
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Peanut proteins. Peanuts and soybeans have 
several characteristics in common. They are both 
legumes, they have a high content of protein and 
oil, and contain very little starch. Their proteins 
are also quite similar with respect to their chemi- 
cal and physical properties. 

The protein content of peanut kernels ranges 
from 28 to 35 per cent depending on the variety and 
locality where they are grown. About 82 per cent 
of the total nitrogen of the peanut is accounted for 
by two proteins, arachin and conarachin, which 
occur, respectively, in the ratio of about 3 to 1 (51). 
These proteins were first isolated and described in 
1916 (52). Later, other investigations have been 
conducted on their chemical properties and amino 
acid composition (53, 54, 55, 56, 63, 64, 66). 

The residue remaining after expressing the oil 
from peanuts is highly esteemed as a valuable 
protein concentrate for farm animals. Feeding 
experiments with rats (65) have demonstrated that 
peanut meal supplies protein that compares 
favorably in nutritive value with the best sources 
of plant proteins. 

Although the total proteins of the peanut as 
represented in peanut meal and peanut flour have 
high nutritive value, arachin alone as the sole 
source of protein in the diet will not support 
satisfactory growth in young animals (64, 55). In 
vitro digestions with pepsin and trypsin show that 
itis not readily digestible (63). Unlike the proteins 
of soybeans and some other legume seeds, the 
digestibility of arachin is not appreciably im- 
proved by heating in the presence of water. 

Analytical data indicate that arachin is deficient 
in methionine and tryptophane. These deficiencies 
have been confirmed by feeding experiments (55, 
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57, 58). Conarachin, on the other hand, contains an 
abundance of the amino acids that are deficient in 
arachin. A mixture of these two proteins in the 
same proportions that they occur in the peanut 
will enable young animals to grow at a very satis- 
factory rate (55). We have here an interesting 
illustration of protein supplementation within the 
same seed. 

Peanut flour, which represents practically the 
total proteins of the peanut, offers a source of very 
good dietary protein for extending and partially 
replacing protein foods of animal origin. In a 
recent study on the comparative growth-promot- 
ing values of the proteins of peanut and soybean 
flours (9, 10), the interesting observation was made 
that, when fed at a 9 per cent level of protein in the 
diet, soybean protein promoted somewhat greater 
weight gains in rats than resulted with peanut 
protein fed at the same level. However, when fed 
at a higher protein level (15 per cent) peanut 
protein appeared definitely superior to that of the 
soybean. 

Peanut meal is a valuable source of protein for 
supplementing the protein of corn (36). Zein, one 
of the chief proteins of corn, is deficient in arginine 
lysine, tryptophane, and cystine—amino acids 
that are well provided in the total proteins of the 
peanut. Peanut proteins also have a high value for 
supplementing the proteins of wheat flour (59, 60, 
61, 62, 64). 

Because of the limited production of peanut 
flour for human consumption this valuable source 
of plant protein has not been generally available in 
sufficient quantity to receive the recognition it 
merits. 
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THE NUTRITIVE VALUE OF WHEAT GERM, CORN GERM, AND 
OAT PROTEINS 


F. J. STARE anp D. M. HEGSTED 


Division of Nutrition, Department of Biological Chemistry, Schools of Medicine and Public Health, 
Harvard University, Boston 


It is the purpose of the present paper to discuss 
the proteins of wheat germ, corn germ, and of oats 
as substitutes for animal protein in human diets. 
Little reference is made to the proteins of other 
wheat or corn products, nor to the vitamin and 
mineral content of any of these foodstuffs, al- 
though it should be emphasized that, in any 
attempt to replace animal proteins in human 
dietaries by concentrates which contain high 
quality vegetable proteins, consideration must be 
given to the supply of other nutrients, such as the 
vitamins of the B-complex and minerals. On the 
whole, the available commercial concentrates and 
seed meals or flours which have been suggested as 
substitutes for animal proteins are good sources 
both of the B-complex vitamins and of minerals. 

The proteins of wheat germ and corn germ are 
vegetable proteins of high nutritional value and 
commercial concentrates which contain them may 
be used to good advantage as substitutes for 
animal proteins. The germs of wheat and corn are 


by-products of the m. ‘‘ing of the two main cereals 
of this country. They are generally included in 
varying amounts in those milling fractions known 
as ‘‘middlings’’ and “‘shorts,’’ though they have 
been concentrated to some extent in animal feeds 
commonly called ‘‘wheat germ meal’ and ‘‘com 
germ meal.’”’ All of these products are used exte?- 
sively in animal feeding. Preparation of wheat 
germ and corn germ for human consumption is at 
present carried out on a relatively small scale, but 
because of the size of the milling industry, con- 
siderable expansion of the production of these 
by-products should be possible. Such use should 
not seriously impair the supply for animal feeding 
because, according to Mitchell (1) the protein thus 
withdrawn can be amply replaced from sources 
unfit for human consumption or less well utilized 
by man. 

Wheat germ and corn germ proteins. The nutritive 
value of wheat germ and corn germ proteins may 
be conveniently considered together. Only a fev 
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data upon corn germ are available at the present 
time, chiefly because the most widely practiced 
method of milling corn does not yield a germ 
product suitable for human consumption. Wheat 
germ, on the other hand, has long been recognized 
as a product nutritionally superior to whole wheat 
although attention has been directed principally 
toward its high vitamin content. As a protein 
source, Osborne and Mendel (2) in 1919 concluded 
that the protein of the embryo was superior to 
that of whole wheat for the maintenance of adult 
rats and was somewhat superior to whole wheat for 
growth. Their reported protein value of 1.6 grams 
gain in body weight per gram of protein eaten 
appears somewhat low in the light of the work of 
Hove and Harrel (3) and may have been due to a 
less quantitative separation of the germ from 
other parts of the kernel than is now possible 
(table 1). It should be borne in mind that the 
nutritive value of various samples of wheat and 
corn germ will obviously be dependent upon the 
amount of actual germ they contain. Osborne and 
Mendel point out that the proteins of the embryo 
are markedly different chemically from those of 
the endosperm; 10 per cent may be removed as 
albumin by water extraction and 5 per cent as 
globulin by salt solution, whereas practically none 
is so removed from the endosperm. 

Recent studies by Hove and Harrel (3) reported 
a biological value for wheat germ that is equal or 
superior to that of such animal proteins as skim 
milk, egg white, and casein. They further showed 
that wheat germ as the source of total protein in 
the diet of young rats gives growth equal to that 
obtained with casein, skim milk, or beef muscle. 
Wheat germ is also equal to these proteins as a 
supplement to two ‘“‘poor-protein” diets. The 


| protein of the first of these diets was supplied from 


plant sources selected to represent ‘‘an average 
American diet, plant sources’? and that of the 
second by wheat gluten. 

In a second paper, Hove and Harrel (4) report 
that skim milk and wheat germ are about equal in 
their ability to improve the nutritive value of 
white patent flour. Corn oil meal (corn germ) and 
soybean meal are somewhat less effective in this 
respect. Selected values taken from a chart in this 
paper are shown in table 2. All of these diets con- 
tained 10 per cent of protein supplied by various 
mixtures of flour and the supplemental proteins. 
Data obtained in the authors’ laboratory (5) con- 
firm this finding of the relative superiority. of 
wheat germ as compared to corn germ as a supple- 
ment to white flour. 

Data have also been obtained (5) upon the rela- 
tive efficiency of skim milk powder, wheat germ, 
and corn germ in maintaining nitrogen balance in 
the adult dog. For this purpose the proteins of 
skim milk powder, wheat germ and corn germ are 


practically of equal value. Corn germ protein may 
be slightly superior to those of wheat germ and 
skim milk powder. 

The biological value (per cent of ingested nitro- 
gen retained) of defatted corn germ has been 
compared with defatted beef round by Mitchell 
and Beadles (1) using their modification of the 


TABLE 1 
The nutritive value of corn germ, wheat germ 
and oat protein compared with other 
protein sources 





PRO- | PRO- 
PROTEIN SOURCE TEIN | TEIN* 
IN DIET| VALUE 








per 

cent 

Commercial wheat em- 

Osborne and Mendel 
(2) 


Osborne and Mendel 
Osborne and Mendel 
Osborne and Mendel 
Hove and Harrel (3) 
Hove and Harrel 
Hove and Harrel 
Hove and Harrel 
Hove and Harrel 
Hove and Harrel 


OE | ee 
Corn oil meal (corn 


MM Soo sisiork Saecie wae 
Soybean oil meal........ 
Corn germ (solvent ex- 


Hove and Harrel (4) 
Hove and Harrel 
10.0 ‘ Block and Bolling (6) 
Corn germ (hot expul- 
a PN Ge 
Whole milk..............| 10.0 
WHOIG-OG6E: 65.056 556:0:5:003:| 100 AZ 


Block and Bolling 

Block and Bolling 

Osborne and Mendel 
(8) 

Osborne and Mendel 

Osborne and Mendel | 

Stewart et al. (10) 

Stewart et al. 

Stewart et al. 

Stewart et al. 


Whole o@t@:...:..:......| 80 1.39 
Whole wheat.............| 10.0 | 1.40 
Rolled oats ‘ 10.0 | 1.52 
Dried oatmeal...........} 10.1 | 1.55 
Oven expanded cerealf..| 9.5 | 1.60 
Putled O6tGhy..c5s525...) O88 | 0.87 














* Protein value = grams gain per gram of protein eaten. 

+t Oven expanded oat cereal made by cooking oat flour in dough 
form in a jacketed tube under pressure of 100 lb. for 1 to 2 min- 
utes, forming into globules and expanding the globules in ap- 
proximately 1 to 2 minutes in an oven held at 200°C. 

t Puffed oats made by preheating oat groats for 5 minutes to a 
temperature of 122°C. and then subjecting the groats to live 
steam up to 200 Ibs. 198°C. in 2 minutes and finally puffing by 
releasing the pressure suddenly. This latter product has been 
sold in limited amounts here and in Canada. 


Thomas method. It was shown that the protein is 
85 per cent as digestible as the protein of beef 
round and has a biological value of 78, as high as 
that of beef round which was found to be 77. 

For comparison, values of 50 to 65 for cereal 
grains, 51 to60 for a series of nuts, 72for the cashew 
nut, 94 for whole egg, 90 for raw whole milk, and 
62 to 77 for various cuts of meat and animal organs, 
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are given. The biological value of soybeans is 
given as 67.5. 

Data on the amino acid content of the proteins 
of wheat germ and corn germ have recently been 
presented by Block and Bolling (6). The content of 
the essential amino acids compares favorably with 
excellent proteins such as milk and meat. These 
comparisons are shown in table 3. 

It appears evident from the available studies 
that the proteins of these germs must be con- 
sidered as essentially the equivalent of first-class 


TABLE 2 


The value of wheat germ and corn germ proteins 
as supplements to white patent flour 





PER CENT 
OF TOTAL 
PROTEIN 
FROM 
SUPPLE- 
MENT 


PER CENT 
OF TOTAL 
PROTEIN 
FROM 
SUPPLE- 
MENT 


PROTEIN* 
VALUE 


PROTEIN* 
VALUE 


PROTEIN 
SUPPLEMENT 





0 
Dry skim milk.... 20 
Defatted wheat 

a 20 
Corn oil meal 20 
Soybean oil meal. . | 














20 . | 





* Grams gain per gram of protein eaten. 


TABLE 3 
Percentage composition of corn and wheat germ 
proteins compared to milk and muscle 
(Calculated to 16 per cent of nitrogen) 





cow’s 
MILK 


CORN 
GERM 


AMINO ACID — 





Arginine 
Histidine 
fea eee 
a ytomes,........- 
Tryptophane.... 
Phenylalanine... 
ee 
Methionine 


a & it HM & 


Noe ae GS-31 tO 
tw 


8 

4. 
16.2 43.1 
4.4+0.4 
4.5 +0.4 





4.1+41.0* 














* Personal communication from Dr. R. J. Block. 


animal proteins, both when used as the sole source 
of protein or as protein supplements in the diet. 
The protein content (wheat germ 25-35 per cent; 
corn germ 13-25 per cent) is sufficiently high to 
make their inclusion in the dietary worth while. 
Such problems as those of stability, rancidity, and 
palatability may apparently be overcome by 
toasting, or more satisfactorily by extraction 
with a fat solvent. 

Present methods of milling yield approximately 
0.5 per cent of the wheat as wheat germ, although 
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wheat actually contains close to 3 per cent of 
germ. This indicates a potential germ production 
of at least 150 million pounds of wheat germ per 
year, which might be tripled by more efficient 
separation. The present annual production is 
estimated to be from 30 to 50 million pounds. (For 
comparison, there were 500 million pounds of dry 
skim milk powder produced in the United States 
during 1941.) 

Corn germ is a by-product of essentially two 
different types of milling, ‘‘the wet milling in- 
dustry’? represented by the manufacturers of 
starch, and the ‘‘dry milling industry” which 
produces hominy products. The germ recovered in 
the wet milling industry is said to be unsuited for 
human consumption. Sulfurous acid is used in the 
process and renders the germ unpalatable and 
probably destroys some of its nutritive value as 
well. The oil is extracted from this germ and the 
pressed germ cake is used in animal feeds. The dry, 
milling industry probably recovers about 45 mil- 
lion pounds of dry corn germ per year. It has been 
estimated that 600 million pounds of defatted, 
palatable corn germ could be produced. 

Oat protein. Relatively few data are available 
upon the efficacy of oat proteins in nutrition. Some 
of the early reports may be looked upon with sus- 
picion since adequate rations with respect to 
vitamins and minerals were not always used. In 
his review on the biological values of proteins, 
Mitchell (7) gives values of 60 for maize, 65 for 
oats, 67 for wheat, 77 for rice, and 64 for barley; 
and he expresses the opinion that differences of 
this magnitude are probably of little if any sig- 
nificance. Early studies by Osborne and Mendel (8) 
indicated that neither maize nor cats is adequate 
as a sole source of protein for the rat, while rice 
and barley proteins, in contrast, were reported as 
adequate at a level of 16 to 17 per cent of protein 
in the diet. Sherman, Winters and Phillips (9), in 
balance studies on human volunteers, reported 
oats and maize to be essentially equal in value as 
sole sources of protein. Nitrogen balance was not 
maintained by these proteins when they were fed 
at daily levels of 0.49 to 0.55 gram of protein per 
kilogram of body weight although similar levels of 
protein, of which 8 to 20 per cent was supplied by 
milk, were adequate. 

A recent paper by Stewart, Hensley, and Peters 
(10) reports studies on the nutritive value of the 
proteins of rolled oats and oat cereals as dete! 
mined by the method of Osborne, Mendel, and 
Ferry (11). Selected figures from this paper and 
those obtained by Osborne and Mendel are show) 
in table 1. Home-cooked oatmeal and the ovel- 
expanded cereal appear to have suffered no loss iD 
protein efficiency, although puffed oats are clearly 
inferior in protein quality. 

Stewart et al. state that ‘‘nutritionists have 
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recognized the superior quality of oat protein,” 


and there seems to be a popular idea that oats are 
superior to other grains. The data available indi- 
cate that oat proteins are essentially the equiva- 
lent of other whole grain proteins and are dis- 
tinctly inferior to the proteins of wheat germ and 
corn germ. Since oats are usually consumed as 
whole grain products, they supply more nutritive 
value in the form of proteins, vitamins, and 
minerals than highly refined cereals. 

Summary. The proteins of wheat germ and corn 
germ are of high nutritive value. As the sole source 
of protein for the growing rat, they compare 
favorably with the proteins of skim milk powder. 
As the sole source of protein for the adult dog they 
maintain nitrogen balance when fed at the same 
level as is required in the case of skim milk protein. 
Wheat germ is superior to corn germ as a supple- 
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ment to white flour and compares favorably to 
skim milk powder. In rat experiments, defatted 
corn germ has a digestibility of 85 per cent as 
compared with defatted beef round of 99.7 per cent, 
but its biological value is equal to beef round at a 
value of 77. These germ proteins are by-products of 
our large milling industry. They could be prepared 
in large amounts and in ways such that they have 
satisfactory stability and palatability. Oat protein 
compares favorably with the protein of other 
whole grain cereals but is inferior to the proteins 
of wheat and corn germ. These proteins should be 
valuable in any national or international protein 
shortage, the germ proteins because they compare 
favorably with animal proteins, and the oat pro- 
teins as the equivalent of any other member of the 
whole grain cereals. 
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THE NUTRITIVE VALUE OF YEAST PROTEINS 
H. E. CARTER anp G. E. PHILLIPS 


From the Division of Biochemistry, Noyes Laboratory of Chemistry, University of Illinois, Urbana 


Since the beginning of this century dried yeast 
has been recognized as a valuable high-protein 
food. It is especially promising in emergency con- 
ditions because it is produced at an extremely 
rapid rate and at a low cost compared to animal 
proteins (1). Furthermore, yeast is an excellent 
source of vitamins as well as of high grade protein. 
It is not surprising, therefore, that during the last 
World War dried yeast was employed in large 
quantities as a livestock feed and in smaller 
amounts in human dietaries. During the present 
conflict the necessity for developing additional 
sources of high quality protein has led to a renewed 
interest in the biological value of yeast protein 
with especial reference to human nutrition. 

Dried brewers’ yeast is a readily available source 
of yeast protein. However, the annual ‘yeast 
Production of the brewing industry in this country 
(equivalent to about 30,000,000 pounds of dried 
yeast or 14,000,000 pounds of protein) is only a 


fraction of the quantity which would be needed if 
yeast were to furnish an appreciable portion of the 
protein of human food. Furthermore, brewers’ 
yeast must be debittered for human consumption 
and a certain proportion of the vitamin content is 
lost in this process. 

The possibility of producing yeast for human 
consumption from other types of yeast has been 
investigated by several workers, and yeasts of the 
genus 7’orula have afforded very promising results. 
These yeasts grow in the absence of organic nitro- 
gen which is an important factor. Hayduck (2) in 
1915 reported on the use of Torula in the commer- 
cial production of a ‘“‘mineral yeast.’’ Thaysen (1) 
in 1940 undertook an extensive investigation of 
Torula yeasts and succeeded in developing a new 
strain—Torulopsis utilis var. thermophil.—which 
grows extremely rapidly (fifteen-fold weight 
increase in 9 hrs.) and will tolerate higher temper- 
atures than other strains. The latter factor is of 
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considerable economic importance in growing the 
yeast in tropical climates. The processed yeast is 
obtained in the form of light yellow flakes with a 
meaty or nutty taste and is called ‘‘Food Yeast.’’ 
The production of food yeast is receiving con- 
siderable attention both by the British and in this 
country, and enormous quantities of the material 
could be produced if it became desirable to do so. 

The literature concerning yeast proteins will be 

discussed under the following heads: 
I. Chemical composition of yeast and yeast 
proteins 
II. Nutritional value 
A. For the rat 
B. For the dog 
C. For man 

III. Yeast as a fodder 
No attempt will be made to cover all of the papers 
which have appeared in this field, but rather to 
select those articles which have a significant bear- 
ing on the problem of the nutritive value of yeast 
proteins. 

I. Chemical composition of yeast and yeast pro- 
teins. Dried brewers’ yeasts vary somewhat in 
composition, but the figures generally fall within a 
rather narrow range. The following is a typical 
proximate analysis representing the average of a 
large number of samples (3). 


Crude protein (N X°6.25) 
Carbohydrate 


Although analytical figures on T’orula yeasts are 
not complete, the available data indicate that they 
have approximately the same composition as 
brewers’ yeast. 

Yeast contains a variety of non-protein nitroge- 
nous constituents including purines, pyrimidines, 
choline, glucosamine, glutathione, etc. Purines 
account for 8-13 per cent of the total nitrogen 
(4, 5), pyrimidines 4 per cent (4), choline 0.5 per 
cent (4) and glucosamine 0.5 per cent (4). 

Crude protein of dried yeast usually varies 
between 45 and 55 per cent although both higher 
and lower figures are reported. The crude protein 
values are calculated from the total nitrogen and 
hence are 12-18 per cent high due to the presence 
of the large amounts of non-protein nitrogen in 
yeast. Von Soden and Dirr (6) concluded, from 
studies of amino nitrogen in enzymatic hydroly- 
sates of yeast, that only 80 per cent of the total 
nitrogen of yeast was actually protein nitrogen. 

Attempts to isolate and characterize yeast 
proteins have not proven very successful. Only a 
part of the nitrogen can be extracted from yeast 
even by dilute alkali after defatting or rupturing 
the cell membrane (7). Furthermore yeast cells 
autolyze rapidly with consequent alteration in the 
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chemical nature and solubility relationships of the 
proteins. Dreyer (8) obtained 65.7 per cent of the 
total nitrogen on extracting yeast with 10 per cent 
ammonium carbonate and reported that the ex- 
tract contained an albumin and a globulin. 
Thomas (9, 10, 11) separated from autolyzed yeast 
a heat-coagulable albumin and a non-coagulable 
para-nucleoprotein which was sparingly soluble in 
10 per cent sodium chloride. More recently, reports 
by Csonka (7), Strain (12), and Kazakov (13) 
indicate that extraction .of defatted or ground 
yeast with water removes a thermolabile and a 
thermostable protein. Subsequent extraction with 
dilute salt solution removes a globulin. And 
finally, a further amount of protein is obtained by 
extraction with dilute alkali. Csonka (7) states 
that all of these fractions consist of nucleoprotein. 
In view of the rapid autolysis of yeast protein, itis 
not certain what relation the various protein 
fractions have to the proteins present in the living 
yeast cell. 

Amino acid analyses have been made on whole 
yeast and on various protein fractions. The latter 
data have little significance since they depend on 
the method of preparation of the particular mate- 
rial under investigation. They will be included in 
the references but will not be discussed further. 

Since pure yeast proteins are not available for 
analysis the method of expressing the results is 
somewhat complicated. In some cases the values 
have been calculated as per cent of amino acid in 
dried yeast. This method is unsatisfactory since 
the per cent of protein in dried yeast varies from 
sample to sample. Other authors have reported 
amino acid nitrogen as per cent of the total nitro- 
gen. This method seems to be more satisfactory 
and other figures have been recalculated to this 
basis wherever possible. The amino acid analyses 
of whole dried yeast are summarized in table 1. 

In addition to the data recorded in table 1, 
isolated analyses have been reported on individual 
amino acids of whole yeast. Csonka (7) found that 
dried brewers’ yeast contains 0.3 per cent of cystine 
1.37 per cent of arginine, and 2.61 per cent of 
lysine, while dried bakers’ yeast contains 0.27 per 
cent, 1.32 per cent, and 2.15 per cent respectively 
of these three amino acids. Woolley and Peterson 
(17) reported that dried bakers’ yeast contains 
1.03 per cent of histidine and noted that acid- 
hydrolyzed yeast contains substances which 
interfere with the Kapeller-Adler test for that 
amino acid. Prunty (18) obtained values of 0.9 
and 0.52 per cent cystine in two samples of dried 
brewers’ yeast. Tomado (19) found 1.6 per cent of 
tryptophane in a sample of Saccharomyces sake 
which he analyzed. Dirr and von Soden (20) have 
published a recent paper on amino acid analysis of 
yeast. Unfortunately neither the original papé! 
nor an abstract of it are available. Thomas (9, 10, 
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11), Csonka (7), and Kiesel (21) have reported 
amino acid analyses on various protein fractions 
isolated from brewers’ yeast. Kazakov (13) deter- 
nined the content of several of the essential amino 
acids in three protein fractions isolated from 
Torula yeasts. The original paper is not available 
and the abstract reports figures only for trypto- 
phane, which was found to make up 0.88, 0.48, and 
0.72 per cent respectively of the three proteins. 
Kazakov states that Torula yeast contains all of 
the essential amino acids. 

Excluding Meisenheimer’s early results which, 
for the most part, can be considered as little more 
than qualitative, the figures of the more recent 
investigators agree as well as could be expected. 


TABLE 1 


Amino acid nitrogen content of dried yeast 
(Per cent of the total nitrogen) 





AMINO ACID A Cc 





10.0 


Aspartic acid 
Glutamic acid 
RN Lees foes co 
Hydroxyproline.............. 

















A. Meisenheimer (4); brewers’ yeast 

B. Block and Bolling (14); type of yeast not specified. 
Results recalculated to above basis 

C. Kraut and Schlottmann (15); brewers’ yeast 

D. Fink and Just (16); Torula yeast 


Asa matter of fact, Fink and Just (16) and others 
have noted a considerable variation in amino acid 
content of yeast samples of the same type grown 
under slightly different conditions. Evidently the 
composition of yeast protein is not as constant as 
that of animal protein. 

The most comprehensive recent analysis of the 
amino acid content of yeast protein is that of 
Block and Bolling (14). These authors expressed 
their results as per cent of amino acid in a theoreti- 
cal yeast protein containing 16 per cent nitrogen. 
Since the analyses were made on whole yeast it 
stems a safe assumption that crude protein (N X 
6.25) was used as the basis for the calculations. In 
order to compare the amino acid composition of 
yeast with that of animal proteins, the figures of 
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Block and Bolling for yeast protein and muscle 
protein and a compilation of data on the amino 
acid content of casein are given in table 2. Since 
casein contains approximately 16 per cent nitrogen 
the figures are comparable with those of Block and 
Bolling. 

These amino acid analyses of yeast protein are 
incomplete and are admittedly not highly accurate 
in certain instances. Nevertheless they definitely 
establish that yeast protein contains all of the 
essential amino acids and isa biologically complete 
protein. Whether the essential amino acids are 
present in the proper proportions for maximum 
utilization by the animal body can hardly be de- 
cided on the basis of the present data. It is possible 
that yeast is deficient in sulfur-containing amino 
acids and this possibility is supported by feeding 


TABLE 2 


Percentage composition of yeast protein*, 
muscle protein* and casein** 





CRUDE 


PROTEIN OF boob 


PROTEIN CASEIN 





3.79 
1.81f 
6.20T 
6.01f 
1.11f 
5.004 
0.26f 
3.10 


Arginine 
Histidine 


Tryptophane 
Phenylalanine........ 
COMANBs oo civic cise 
Methionine 
Threonine 5.0 4.40f 
Leucine...............] 18.2 42.6 12.10§ 
Isoleucine 3.4 +0.2 i x - 
Valine 4.4+0.8 7.00§ 














* Block and Bolling (14). 
** Compilation of recent data. 

t Beach, et al. (22). 

t Winnick (23). 

§ Fromageot and Mourgue (24). 
§ Kapeller-Adler (25). 


experiments to be reported in the next section. 
However, an inspection of table 2 reveals a strik- 
ing similarity in the amino acid composition of 
yeast and that of casein and of muscle protein. 
On the basis of chemical analysis, therefore, yeast 
protein should possess a high biological value. 

In addition to the amino acid figures, certain 
other analytical data may have a pertinent bear- 
ing on the question of the nutritive value of yeast 
protein. The presence of a large amount of non- 
protein nitrogen in yeast is of interest in evaluat- 
ing feeding experiments. Obviously the crude 
protein of yeast, as calculated from the total 
nitrogen, is considerably higher than the actual 
protein content. Yet this fact has not been taken 
into account in planning feeding experiments or in 
calculating biological values of yeast proteins. 
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The high purine content of yeast is also of 
interest to the nutritionist. Obviously the inges- 
tion of large quantities of yeast by man would 
result in the production and excretion of con- 
siderable amounts of uric acid, and this might be 
deleterious in certain conditions. This point will be 
discussed further in a later section. 

Yeast has a high ash content and the distribu- 
tion of the various constituents of the ash is 
unique. Potassium and phosphorus are unusually 
high, whereas calcium, sodium, and chloride are 
very low. The high-phosphorus low-calcium con- 
tent of yeast may well be responsible for the fact 
that pigs receiving a large amount of yeast in their 
diet may develop rickets (26). Furthermore the 
possible effects of the phosphorus on the acid-base 
economy of the body must be considered. 

II. Nutritional value of yeast proteins. A. For the 
rat. The nutritive value of yeast proteins will be 
discussed under the three topics, digestibility, 
growth studies, and biological value. Only those 
experiments will be considered in which the yeast 
protein contributed significantly to the protein 
nutrition of the animal. 

1. Digestibility. Véltz (27) reported that the 
digestibility of brewers’ yeast was 88 per cent and 
that 94 per cent of the caloric value of the yeast 
was utilized by the rat. Osborne and Mendel (28) 
found that brewers’ yeast was utilized to the 
extent of 74-83 per cent and Still and Koch (29) 
reported a value of 72 per cent. Mitchell (30) 
obtained coefficients of digestibility of 78 and 76 
per cent respectively at 5 and 10 per cent levels of 
yeast in the diet. 

There seems to be general agreement that yeast 
protein is readily digested and absorbed by the rat. 

2. Growth studies. There have been several 
reports that yeast protein supports normal growth 
in rats. Osborne and Mendel (28) fed brewers’ 
yeast as the sole source of protein at levels of 30 
and 40 per cent. Rats were maintained for more 
than a year on these diets without ill effects. Those 
on the 40 per cent level grew at a normal rate, those 
on the 30 per cent level somewhat less rapidly. 
Nelson, Heller, and Fulmer (31) fed to rats diets 
containing 25-50 per cent of dried brewers’ yeast. 
At a 45 per cent level, normal growth and repro- 
duction occurred. Three generations of rats were 
reared on these diets, the growth rate of the off- 
spring being slightly below normal. At the 50 per 
cent level the growth rates flattened out after three 
months. Mangold, Columbus, and Hock (32) have 
reported quite similar results with a T'orula yeast 
grown on sulfite wastes. Willimott and Wokes (33) 
reported that a diet containing 50 per cent of 
saline extracted yeast supported normal growth in 
rats. ; 

In contrast to these results are others indicating 
that yeast protein is not as effective as casein or 
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other animal proteins in promoting growth of 
rats. Still and Koch (29) made a careful study of 
bakers’ yeast. They reported that rats on diets 
containing 38 per cent of bakers’ yeast as the sole 
source of protein grew at a subnormal rate and 
concluded that all of the yeast protein was not 
readily utilized by the rat. These*workers made no 
allowance for the non-protein nitrogen content of 
the yeast. 

Hock and co-workers (34-37) have recently 
published several papers dealing with the supple. 
mentary effects of cereal protein, Torula or brewers’ 
yeast, and fishmeal. In ea@h of the diets, about 
one-sixth of the protein was provided by a mixture 
of rye and wheat. The remainder of the protein 
consisted of yeast and fishmeal in varying propor. 
tions. When only yeast was added, the rats grew 
only half as rapidly as when the remainder of the 
protein consisted entirely of fishmeal. However, 
normal growth was obtained when 50 per cent of 
the fishmeal was replaced by yeast. These results 
indicate that yeast has a lower nutritive value 
than fishmeal for the rat. In the most recent 
report of this series Hock and Fink (37) show that 
the addition of 2 per cent of l-cystine to yeast 
markedly increases its nutritive value. 

Kon and Markuze (38) reported that the growth 
rate of rats on a brewers’ yeast diet was improved 
by replacing a part of the yeast with wheat flour. 

3. Biological value. Still and Koch (29) reporta 
biological value of 45 per cent for brewers’ yeast 
protein. Mitchell (39) found that yeast, fed at a5 
per cent level, was completely utilized and re- 
ported a biological value of 85for the yeast protein. 

B. For the dog. There seems to be general agree- 
ment that yeast is a satisfactory source of protein 
for the dog. Véltz (40, 41) found an 83.6 per cent 
utilization of yeast nitrogen by the dog, Rubner 
(42) 98 per cent, Deutschland (43) 83-89 per cent 
and Karr (44) 80 per cent. 

C. For man. There is very little significant data 
in the literature concerning the nutritive value o 
yeast proteins for man. The earlier studies wert 
concerned mainly with determining how much 
yeast could be tolerated in the human diet (4%, 
46, 47). It was found that dried yeast in quantities 
up to 100 grams produced no ill effects with the 
exception of one or two subjects who suffered from 
diarrhea. Even the more recent experiments hav 
dealt for the most part with the digestibility o 
yeast. Thus Kuen and Piiringer (48) reported that 
90 per cent of the nitrogen of dried bakers’ yeast 
was digested and absorbed, whereas fresh baker 
yeast was poorly utilized. Dirr (49) fed two male 
and two female subjects diets containing 87-10) 
grams of protein, 65 grams in the form of yeast, 
and found that the yeast protein was absorbel 
almost as well as animal protein. 

Nitrogen balance studies have been made it 
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only a few instances. Funk, Lyle and McCaskey 
(0) maintained four men on diets in which all of 
the protein was provided by yeast. The subjects 
showed a negative nitrogen balance on an intake of 
6.5 grams of yeast nitrogen. The same amount of 
nitrogen in the form of potatoes maintained the 
subjects in nitrogen balance. Funk observed that 
the fecal nitrogen increased on the yeast diets. 
Bickel (51) determined the supplementary effect 
of various proteins added to a standard diet afford- 
ing 0.9-1.0 gram of protein per kilo of body weight. 
The addition of 7.6 grams of casein brought the 
subjects into nitrogen balance while 30 grams of 
yeast protein were required to do so. In a sub- 
sequent paper, Bickel (52) reported that yeast 
protein was well absorbed but that the nitrogen 
retention with yeast protein was inferior to that 
with meat, milk, or egg protein. 

Although these data are obviously inconclusive 
they indicate that yeast may be somewhat inferior 
to animal proteins in human nutrition. 

Another aspect of this problem is the effect of 
yeast feeding on blood and urine uric acid. Several 
workers have reported no increase in blood uric 
acid following administration of yeast (53, 54, 55). 
However, these experiments were of short duration 
or involved rather small quantities of yeast. 
Those investigators who fed large quantities of 
yeast to human subjects for several days have 


usually reported an increase in blood uric acid 
(49, 50, 56). Dirr (49) also noted increases in blood 
pressure and creatinine. 

The data on nutritive value of yeast proteins for 
man are fragmentary and not always consistent. 
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It is not possible to reach any broad conclusions as 
to the potential importance of yeast as a source of 
protein for human diets. However the available 
data indicate that yeast protein is somewhat 
inferior to animal protein.in human nutrition and 
that a thorough study of the effects of long-con- 
tinued yeast ingestion on blood constituents is an 
essential prerequisite for any recommendation 
concerning the inclusion of large amounts of yeast 
in human dietaries. 

III. Yeast as a fodder. The value of yeast as a 
fodder for livestock has been reviewed in great 
detail by Braude (3). 

In the last few years comprehensive experiments 
have been carried out in Germany on the feeding of 
yeast to pigs (57-60) and to cattle (61, 62, 63). 
These experiments showed that pigs could be 
fattened very satisfactorily on diets whose sole 
source of protein was yeast. 7’orula and brewers’ 
yeast were equally effective. However growing 
pigs showed superior gains when part of their 
dietary protein was of animal origin. Recently 
Macrae, El-Sadr, and Sellers (64) reported that the 
protein of J’orula utilis yeast is as effective as 
casein in supplementing maize proteins in the diet 
of the pig. In the case of cows, yeast was fed at 
a level of 1.7-2.18 kgm. per head per day. This 
resulted in an increased production of high quality 
milk. 

Axelson (65) has reported extensive observations 
showing that yeast may supply 50 per cent of the 
protein requirement of poultry. He also found that 
dried yeast could replace the protein of oil cakes 
for horses. 


REFERENCES 


(1) THaysen, A. C. Nature 151: 406, 1943. (2) 
Haypuck, F. Ztschr. Spiritusind. 38: 161, 1915. (3) 
BraupE, R. J. Inst. Brewing 39: 206, 1942. (4) 
MEISENHEIMER, J. Ztschr. physiol. Chem. 114: 205, 
1921. (5) Kuen, F.M. ano K. Piirtncer. Biochem. 
Lischr. 272: 113, 1934. (6) von SopEN, O. ann K. 
Dirr. Biochem. Ztschr. 312: 252, 1942. (7) CsonxKa, 
F.A. J. Biol. Chem. 109: 703, 1935. (8) Dreyer, G. 
Ztschr. ges. Brauw. 36: 201, 1913. (9) Tuomas, P. 
Compt. rend. 156: 2024, 1913. (10) THomas, P. anp 
8. KoLopzrnssKa. Compt. rend. 157: 243, 1913. (11) 
Tuomas, P. Ann. Inst. Pasteur. 35: 43, 1921. (12) 
Strain, H. H. Enzymologia 7: 133, 1939. (13) 
Kazaxov, K. Khim. Referat. Zhur. 1940: no. 4, 
40; Chem. Ab. 36: 3222, 1942. (14) Biocx, R. J. anp 
D. Botuine, Arch. Biochem. 3: 217, 1943. (15) 
Kraut, H. anp F. ScHtortman. Biochem. Ztschr. 
291: 406, 1937. (16) Fink, H. anv F. Just. Biochem. 
Itschr. 300: 84, 1938-39. (17) Woo.tey, D. W. anp 
W. H. Pererson. J. Biol. Chem. 122: 207, 1937. 
(18) Prunry, F. T. G. Biochem. J. 27: 387, 1933. 
(19) Tomapo, Y. J. Soc. Chem. Ind. Japan. 33: 


Suppl. binding 27, 1930. (20) Dirr, K. anp O. von 
SopEN. Biochem. Ztschr. 309: 329, 1941. (21) 
KresEx, A. Ztschr. physiol. Chem. 118: 304, 1922. 
(22)Beacu, E. F. et au. J. Biol. Chem. 139: 57, 
1941. (23) Winnick, T. J. Biol. Chem. 142: 461, 1942 
(24) FromaGeot, C. anv M. Mourave. Enzymo- 
logia 9: 329, 1941. (25) KapeLiLeR-ApLER, R. 
Biochem. Ztschr. 252: 185, 1932. (26) Braupe, R., 
S. K. Kon ann E. G. Wuite. J. Comp. Path. 
Therap. 53: 161, 1948. (27) V6.L1Tz, W. Ztschr. 
Spiritusind. 33: 588, 1910. (28) OsBornzg, T. B. anp 
L. MENDEL. J. Biol. Chem. 38: 223, 1919. (29) Stix, 
E. anv F. Kocn. Am. J. Physiol. 87: 225, 1928. (30) 
MircHE.LL, H. H. J. Biol. Chem. 58: 873, 1924. (31) 
NELSON, V. E., V. G. HELLER AND E. I. FuLmMEr. 
J. Biol. Chem. 57: 415, 1923. (82) Manco np, E., 
A. CoLtumsus AND A. H. Hock. Biedermanns 
Zentr. B. Tierernahr. 11: 357, 1939. (33) Wuiut1- 
motTT, 8. anD F. Woxes. Lancet 2: 668 1928. (34) 
Hock, A. Wcunscur. Brau. 58: 164, 1941. (35) 
Hock, A. Wehschr. Brau. 58: 269, 1941. (86) Hock, 
A. Biochem. Ztschr. 311: 385, 1942. (37) Hock, A. 





128 _ FEDERATION PROCEEDINGS 


anp H. Frivx. Ztschr. physiol. Chem. 278: 136, Smiru, A. H. J. Lab. Clin. Med. 7: 478, 1922. (54) 
1943. (38) Kon, S. ann Z. Marxuze. Biochem. J. Stiti, E. anp E. Kocu. Am. J. Physiol. 85: 33 
25: 1476, 1931. (39) Mircnent, H. H. J. Biol. 1928. (55) Pierce, H. J. Biol. Chem. 98: 509, 1932, 
Chem. 58: 905, 1924. (40) Véirz, W. Pfliiger’s Arch. (56) ANDERSON, A. K. Penna. Agric. Expt. Sta, 
107: 360, 1905. (41) VéuTz, W. Ztschr. Spiritusind. Bull. 367: 7, 1938. (57) FINGERLING, G. AND co- 
38: 235, 1915. (42) Rupner,,M. Miinch Med. workers. Landw. Versuchs-Sta. 118: 263, 287, 
Wehnschr. 63: 629, 1916. (43) DeurscHLaNp, A. 1934. (58) CLassen, H. Ztschr. Spiritusind. 5:7, 
Biochem. Ztschr. 78: 358, 1916-1917. (44) Karr, 116, 1934. (59) Ricnrer, K. anp H. Britacremany, 
G. J. Biol. Chem. 45: 289, 1920-21. (45) Vétrz, W. Biedermann’s Zentr. B. Tierernahr. 8: 597, 1936. 
AND A. BaupREXEL. Biochem. Ztschr. 30: 457, (60) Bitnaer, H. aNp co-workers. Biedermann’s 
1911. (46) Scnorretius, M. Deutsch. med. Wehn- Zentr. B. Tierernihr. 8: 594, 600, 1936; 11: 147, 137, 
schr. 41: 817, 1915. (47) Hawk, P., C. SmirH anp 554, 1939. (61) Bittncer, H. anp co-workers, 
R. Hotper. Am. J. Physiol. 48: 199, 1919. (48) Landw. Versuchs-Sta. 121: 191, 197, 1934. (62) 
Kuen, F. M. anv K. Pijrtncer. Biochem. Ztschr. Kircu, W. anv E. Wencx. Gandw. Versuchs-Sta., 
271: 152, 1934. (49) Dirr, K. Biochem. Ztschr. 312: 121: 207, 1934. (63) Ricnrer, K. anp J. Hersst. 
233, 1942. (50) Funk, C., W. Lyte ann D. Mc- _ Landw. Versuchs-Sta. 121: 215, 1934. (64) Macrar, 
Caskey. J. Biol. Chem. 27: 173, 1916. (51) BickeL, T.F., M. Ex-Sapr anp K. SE.uers. Biochem. J. 
A. Deutsch. Med. Wehnschr. 67: 569, 1941. (52) 36:460, 1942. (65) AxreLson, J.Kgl. Lantbruksakad 
BicxeE., A. Biochem. Ztschr. 310: 355, 1942. (53) Tidskr. 80: 161, 1941. 


INCREASING THE USE OF PLANT PROTEINS! 


C. M. McCAY 
Lt. Commander, H-V(S), USNR 


Naval Medical Research Institute, National Naval Medical Center, Bethesda, Maryland 


Plant proteins play a vital part in the economy — brown rice, seaweed, and dried yeast with small 
of the world whether that world is at peace or amounts of dried fish, canned milk and canned 
involved in war. Proteins themselves play a vital meat. These plant foods simplify the operations 
part in the word’s food picture since they are of the Japahese army because they are easy to 
essential and scarce nutrients. Without protein in store, transport and cook in contrast to meats that 
reasonable amounts we cannot expect permanent must either be refrigerated, canned or dried. 
peace any more than we can expect this peace Likewise, the Russian and German armies are 
without sufficient calories to keep men from making extensive use of dark, heavy breads, peas, 
starvation. beans, buckwheat, soybeans and such special 
A war could not be fought in the present age if products as dry yeast. 
men had not learned to make good use of plant The typical modern American eats two slices of 
proteins. With the exception of America, no major bread at each meal. This is his major source of 
nation has the natural resources to feed either its plant protein. This same bread consumption is 
armies or its civilian populations upon a diet rich continued when men enter the armed forces. Thus 
in proteins of animal origin. each man eats about five or six ounces of bread per 
Due to the fact that more people can live per day. In exceptional cases such as field duty this 
acre in a densely populated area if they use plant amount may rise sharply and men may eat twice 
proteins, the oriental nations have long learned to this amount. When men first enter the armed 
thrive upon a minimum of animal protein.Today _ services they tend to increase in weight. Since they 
the Japanese army is fighting upon a ration that are usually allowed all the bread they wish, they 
draws its protein primarily from plant sources may eat large amounts for the first two weeks. 
with a small supplement of those from meat and This is especially true of the colored men from the 
milk. Among the captured Japanese foodstuffs are south who are fond of bread. The Navy’s allowance 
found enriched white flour, dried beans and peas, for bread is twelve ounces daily per man or the 
equivalent in flour. Only about half this amounts 
1The material in this article should be con- really used. Supply officers use this saving effected 
strued only as the personal opinion of the writer in bread to buy more milk or vegetables in many : 
and not as representing the opinion of the Navy cases. ae 
1p’ 
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bread by the inclusion of such supplements as dry 
skim milk, soy flour, dry brewer’s yeast, wheat 
germ or corn germ is accepted today. Thus far not 
much use has been made of these findings in feed- 
ing the armed forces. The traditional outlook of 
those in charge of feeding operations is conditioned 
by the large amount of meat given men in the 
armed services. Older supply officers usually 
assume that there is no need for improving the 
protein quality of bread since meat affords an ade- 
quate supplement. The addition to bread of such 
other products as whole wheat flour or soya flour 
increases the list of items that must be carried in 
stores. It also complicates the baking operations. 

However, this point of view concerning the 
maintenance of the status quo in the composition 
of bread is not universal. One large marine bakery 
has been making extensive use of soya flour for 
several years in both breads and cookies. By one 
means or another many alert supply officers are 
finding means of procuring rye flour, whole 
wheat and soya flours. 

The older viewpoint in the armed services con- 
cerning the futility of improving bread proteins 
may be yielding to a newer point of view for 
several reasons: (1) A small minority of men de- 
pend upon bread as the main item of their diet; 
(2) a variety of breads makes meals more ac- 
ceptable; (3) under some conditions meat supplies 
may fail and bread be the important item of food. 
The newer viewpoint assumes that bread should 
have the highest possible quality in terms of 
proteins, minerals, and vitamins. 

Furthermore, the time will soon come when 
nutritionists in the armed services must assume 
new responsibilities. The number of patients and 
workers in hospitals is bound to increase enor- 
mously while the number of men in training camps 
and stations will decline. The sedentary lives of 
those fed in hospitals means that the type of food 
must change from that fed in camps. Fewer calo- 
ties will be required. Less fried foods can be 
tolerated. More fruits and salads will be needed. 
In general the variety of foods offered must be 
greater although the amount will be less. This 
means that the quality of every item offered should 
be the best that can be produced economically. 
For this reason the best possible combinations of 
proteins should be used in breads and pastries. 
This provides insurance for that patient who may 
select diets low in meat or milk and eggs. 

Not only should bread be improved but also 
other cereal items such as hot cakes, doughnuts, 
cookies, pies, and breakfast foods. Astounding 
amounts of doughnuts, cookies, and pies are con- 
sumed both in the regular messes of the armed 
Services and in separate eating places such as 
Ship’s Service and Post Exchange. Since the 
minority that do not adapt themselves readily to 
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the messes of the Army and Navy tend to buy 
foods outside, the composition of these foods is 
especially important. Since proteins of animal 
origin are sold very little in these outside feeding 
operations, the quality of the protein of the cakes 
and cookies is very important in the welfare of a 
small group of men and women. 

The problem of the extent to which Americans 
should consume more plant proteins and less of 
those of animal origin faces the nation today. 
American will always be interested in the use of 
meat because we have vast areas of land that are 
only suitable for ranges. On the other hand, we can 
produce either animal or plant proteins in large 
areas such as the corn belt. 

The thinking man realizes that several men can 
be fed for every one now fed by the grains of the 
corn belt if we abandon part of our swine feeding 
industry. However, the typical American feels 
that the hungry European is far away. He says 
“export the soybeans and leave me my pork 
chops.’’ In other words, the problem appears 
unreal. 

However, some progress is being made in in- 
creasing the utilization of soybeans, dry brewer’s 
yeast, and germ proteins as primary foods in our 
diets. With the great progress in biochemistry, 
there is no reason that our nation cannot consume 
more plant foods with the maintenance of ade- 
quate nutrition. At the same time the future will 
undoubtedly see flavors developed in such prod- 
ucts as soybeans and yeast that will make them 
able to compete with beefsteak and meat prod- 
ucts. Only a beginning has been made in produc- 
ing the flavors in such products as soya sauce 
which is so widely used in the orient to improve 
the flat tastes of plant products. 

In times of war we hear a great deal of the value 
of reserves of minerals, reserves of manufacturing 
plants, reserves of scientists and even reserves of 
foods. The ability to use plant proteins effectively 
constitutes a reserve that is seldom discussed. It 
takes little imagination to perceive the asset of 
being able to rely upon large amounts of plant 
proteins in periods of national emergency. The 
biochemist plays his part in providing adequate 
knowledge concerning nutritive values and meth- 
ods for producing acceptable flavors and methods 
of cookery. Some experience in cookery and in 
modifying national food habits on a large scale is 
also essential if this reserve is to be made effective 
in a short time in case of need. 

No one can deny the economy of the use of plant 
proteins but also no one can anticipate the willing- 
ness of the American public to change its food 
habits. The more the nutritionist knows about the 
composition of plant products the more assurance 
he can give that adequate diets can be constructed 
with a base of plant foods.Furthermore, partof the 
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future of plant proteins lies in the hands of the 
researcher in biochemistry because he has the 
means for discovering the methods of producing 
pleasing flavors by both chemical and micro- 
biological methods. 

In our thinking today we tend to center our 
attention on producing enough food for ourselves 
and other nations. Another aspect of the problem 
may arise in more peaceful times. A farmer can 
feed a given number of people by laboring the year 
around to produce corn and soybeans for swine 
feed. He can feed the same number of people with 
about one-third the time and labor if the people 
eat the plant products. Under such a condition the 
farmer would have two-thirds of his time for lei- 
sure and maintain the same number of men upon 
the plant foods. Today such a point of view is 
visionary. Tomorrow it may not be. 

Many nutritionists are overoptimistic concern- 
ing the savings in human foodstuffs that can be 
made by changing the public food habits to a diet 
lower in meat and eggs. In 1942 the estimated 
consumption in the United States of protein from 
meat and eggs was about 3.8 billion pounds.? This 
might be reduced by one-third without too severe 
reprecussions on the part of either agriculture or 
the consumer. Morrison*® estimates the protein 
produced from an acre of land in the form of pork 
amounts to 22.7 pounds annually while that in the 


form of soybeans amounts to 294.7 pounds. The 
therms of energy produced amount to 672.9 for pork 
and 1,534 for soybeans or 3,124 for corn. The most 
that could be assumed if men turned from pork to 
soybeans for a third of their protein would be that 
abourt thirteen times as many people could be 


2 Report of U. S. Tariff Commission, February 
1944. 

3’ Morrison, F. B. Feeds and Feeding, Pg. 158, 
1936. 
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provided with protein from an acre of land. 4 
more realistic figure is probably four or five which 
credits swine with their great efficiency in calory 
production and the conversion of corn into calo. 
ries more suitable than those of corn for human 
consumption. Likewise the usefulness of swine and 
chickens in converting such waste products as 
meat scrap into meat for human consumption 
would be credited in part. 

The number of additional people that could be 
fed if the whole population of the United States 
were willing to exchange a third of their proteins 
from meat and milk for that from soybeans would 
run from ten to thirty millions. 

In conclusion we cannot doubt the greater 
efficiency of partly maintaining a population on 
plant products. Our armed services are beginning 
to make use of plant proteins such as those of 
soya flour for supplementing bread and pastries. 
Maximum safety is attained in nutrition when 
every important food item, such as bread, is given 
the highest qualitative value that can be attained 
practically. Because the ration of the Army and 
Navy is rich in meat seems no reason to neglect the 
quality of bread protein. The increased knowledge 
of the biochemist will ultimately insure the 
adequacy of diets based on plant proteins. Re- 
search will also provide more pleasing flavors. 
No one, however, can anticipate the trends of 
human food consumption by populations not 
faced by severe emergencies. The American public 
may realize that they can feed more starving 
peoples in foreign lands if they shift toward 4 
vegetarian diet but there is little indication that 
they will do so without compulsion. The knowl- 
edge and ability to utilize plant proteins effec- 
tively is in itself a source of reserve strength for 
America in times of emergency. In times of peace 
it may prove a means of giving the hard working 
farmer some additional leisure. 
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INTERIM REPORT SUBMITTED BY THE SECRETARY OF THE 
AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS, INC. 


Report of Council Meeting May 11-12, 1944. A 
meeting of the Council, held in St. Louis, Mo., 
May 11-12, 1944, was attended by all members 
of the Council. 

In addition to the routine business of the So- 
ciety, the Council discussed the activities of the 
Committee on National Defense and the results of 
the questionnaire sent to members last year. The 
officers of the Society were directed to take fur- 
ther specific steps to increase the usefulness of 
biochemists in the present emergency. The mem- 
bers will be advised of these in detail. 

The Council directed the Secretary to conduct 
an election of new members as well as the annual 
election of officers by mail. 

Plans for the Federation Meeting to be held in 
Cleveland, Ohio, next spring were decided. 

The dues for the next year were continued at 
$2.50. 

Dr. R. J. Anderson, as Managing Editor of the 
Journal, reported its financial condition, very 
satisfactory, the past year’s operations having 
made a profit, instead of a loss as in the previous 
year. Publication of the next volume of the Cumu- 
lative Index, and publication of the History of the 
Society as authorized last year by the Council are 
under way but not completed. 

The President appointed Dr. G. O. Burr to 
finish the unexpired term of Col. Paul E. Howe as 
representative of the Society in the Division of 


Biology and Agriculture of the National Research 
Council. 
The Council heard with regret of the deaths of 

the following members: 

Henry Gray Barbour 

Russell H. Chittenden 

E. P. Clark 

C. Stuart Gager 

Yandell Henderson 

LeRoy S. Palmer. 

H. Gideon Wells 


OFFICERS AND COMMITTEES 


Officers (July 1, 1944-June 30, 1945): 

President, E. A. Doisy; Vice-President, A. B. 
Hastings; Secretary, A. K. Balls; Treasurer, W. 
C. Stadie; Additional Members of the Council: 
R. J. Anderson, H. T. Clarke, V. du Vigneaud. 

Nominating Committee: H. B. Lewis (Chairman), 
W. M. Clark, C. F. Cori, H. A. Mattill, W. C. 
Rose, E. A. Evans, G. O. Burr, C. L. A. Schmidt, 
J. M. Luck. 

Editorial Committee: (For the term 1939-45) 
P. A. Shaffer (Chairman), A. N. Richards, V. du 
Vigneaud; (for the term 1941-47) W. R. Bloor, 
H. A. Mattill, C. L. A. Schmidt; (for the term 
1943-49) H. D. Dakin, J. M. Luck, D. W. Wilson. 

ARNOLD KENT BALLs, 
Secretary. 
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American Physiological Society 
Symposium on the Cerebral Circulation 


THE PRESENT STATUS OF KNOWLEDGE CONCERNING THE 
INTRINSIC CONTROL OF THE CEREBRAL CIRCULATION AND 
THE EFFECTS OF FUNCTIONAL DERANGEMENTS IN IT 


CARL F. SCHMIDT, Chairman 
Laboratory of Pharmacology, University of Pennsylvania, Philadelphia 


It is no longer a secret that in modern mecha- 
nized warfare man is definitely the limiting factor, 
for machines such as airplanes, tanks, other land 
vehicles, submarines, and surface ships are 
capable of performance which their human occu- 
pants cannot tolerate without loss of efficiency, 
health or life itself. One of the greatest chal- 
lenges to physiologists in the present emergency 
lies in the identification and characterization of 
these physiological limitations as the necessary 


first step in devising means either for reducing the 
strains inflicted on the man or for increasing his 
ability to withstand them. Efforts along these 
lines have already achieved considerable success 
in relation to aviation, in which the strains are 
probably more numerous, varied and severe than 
in any other branch of military activity. Accord- 
ing to pre-war publications (1) (22) the most im- 
portant human strains of combat flying are re- 
lated to anoxia, aeroembolism (‘‘bends’’), cold, 
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acceleration, motion sickness, disturbances of the 
spécial sensory apparatus, fatigue and psychic de- 
terioration. This list is not likely to require sub- 
stantial modification when more recent experience 
is disclosed. Now it is a striking fact that the 
brain is the limiting factor with respect to all 
these strains, either because its functional ca- 
pacity is reduced (as by anoxia, cold, or the cere- 
bral anemia or congestion associated with 
acceleration), or because it is subjected to an in- 
tolerable bombardment by sensory nerve impulses 
(as in the pain of decompression sickness, the 
nausea of motion sickness, the discomfort of cold, 
or the accumulated psychic trauma associated 
with combat aviation). The blood supply of the 
brain then becomes a matter of immediate con- 
cern, not only because here, as elsewhere in the 
body, the capacity of the tissue to function is 
limited by the capacity of its circulation to meet 
its changing requirements, but for the additional 
special reason that the brain is unable to contract 
much of an oxygen debt and therefore is more 
subject than other tissues to derangement by an 
insufficient supply of blood. Two major questions 
then arise: What are the agencies by which the 
blood supply of the brain, or of its various parts, 
can be altered either to their advantage or dis- 
advantage? and how would the functional capac- 
ity of these structures be affected if their blood 
supply is either deficient or excessive relative to 
their requirements? 

These questions have been asked and answers 
to them sought for more than a century, and 
twenty years ago categorical answers to both of 
them would have been given without hesitation. 
The cerebral circulation then was held to be fitted 
passively to the needs of the brain by adjust- 
ments elsewhere in the body, and an intrinsic 
control over cerebral vessels was regarded as 
unimportant or non-existent (see (37) for the 
literature on this subject). The response of the 
brain to acute anemia was universally held to be 
stimulation followed by depression, ever since 
Kussmaul and Tenner (16) demonstrated that 
occlusion of the carotid and vertebral arteries 
causes violent generalized convulsions followed by 
paralysis and Rosenthal (21) showed that the 
respiratory and vasomotor centers likewise are 
strongly stimulated before they are paralyzed. 
With these seemingly unequivocal items of ex- 
perimental evidence as a background, experi- 
menters and clinicians came to hold the opinion 
that spasms of cerebral vessels, occurring spon- 
taneously or elicited by suitable physical or 
chemical agencies, would elicit signs of cerebral 
stimulation and might be responsible for the con- 
vulsions produced by disease states or by drugs. 

During the past twenty years, however, there 
has been a gradual accumulation of evidence 
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against both of these older viewpoints. Studies ¢ 
the cerebral circulation by a number of technis 
have shown that the cerebral vessels possess con 
siderable capacity for independent control ip 
response to both nervous and chemical agencies 
these observations are now so numerous (see (1i} 
(19) (37)) that there is no longer any doubt abou 
the necessity for revising t!se older idea that th 
cerebral circulation can be adjusted only pa 
sively. The discovery (13) and subsequent confir 
mation (see (28) (29) (30)), that the hyperpnea ani 
hypertension of anoxemia; even the generalize 
convulsions elicited by cyanide (27), may be du 
to reflexes from the carotid and aortic bodies, in 
the absence of which anoxia is essentially de 
pressant to the central nervous system, has cas 
doubt on the previously universal idea that acut 
cerebral anemia would necessarily produce stron 
stimulant manifestations. Yet while existing ev: 
dence justifies abandonment of the older viewpoint 
it is at present insufficient to permit the formult 
tion of definitive new ones. Brief reasons for thi 
statement will be presented below. 

It is scarcely necessary to point out that prog 
ress in this as in any other branch of physiolog 
depends on improvement over the methods pr 
viously used. In this particular case progress hw 
been impeded by lack of realization of the special 
anatomical difficulties involved in studies of th 
cerebral circulation, which appears to indicat 
that these have not been sufficiently emphasize 
in the past. The next article has been compiled by 
an anatomist (Batson) who has been specially 
interested in this subject, in hopes of preventin 
a repetition of such wastes of time and energy 4 
calculation of total cerebral blood flow in the 
rabbit from the volume measured in one intern 
carotid and the fraction of brain substance stainel 
upon postmortem injection of dye into that vessel 
(15); or deductions as to the behavior of cerebral 
blood vessels from changes in blood flow throug) 
the internal carotid arteries of dogs (34) evel 
though a few of the most direct communicatiom 
with the external carotid system have bel 
closed (3), since major communications certainl! 
will still exist in cervical branches of the vertebril 
arteries, and probably in numerous other local 
ties as well. 

Next to a suitable animal preparation, tht 
method used to evaluate the behavior of the cert 
bral circulation is the most important factor # 
be considered. In the third article of this symp 
sium Gregg and Shipley, who have recently matt 
a thorough comparative study of the variow 
methods available for measuring blood flow els 
where in the body (11), take up the methods tht 
have been or might be used to obtain evident 
bearing on the cerebral circulation and discu# 
the virtues and limitations of each. 
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The final article, by Cobb and Lennox, deals 
with the ideas now current in clinical circles as to 
he occurrence and consequences of functional 
abnormalities of the cerebral vasculature. 

In all four parts of this symposium there is no 
attempt to present a complete review of the litera- 
ure on the cerebral circulation, for this has been 
done elsewhere (18) (19) (37). My own contribution 
here will be limited to statements of impressions 
as to the present status of the two major ques- 
tions noted above, with brief reasons. 

1. The intrinsic control of the cerebral circulation. 
Most of the recent evidence bearing on this subject 
has been obtained from studies on cats, in which 
quantitative measurements of cerebral blood flow 
are practically impossible because of numerous 
and inaccessible communications between the in- 
tracranial and extracranial parts of the cephalic 
irculation. Realizing this, recent workers have 
made no attempt at direct measurements of blood 
flow but have resorted to detection of changes in 
flow by means of instruments applied directly to 
he brain. The first of these was a transparent 
window through which the pial circulation could 
be observed under the microscope (8) (37). The 
second was a thermocouple inserted directly into 
he brain tissue (25) (26) (31) (33). Both methods 
have the advantage of affording certainty as to 
he location of such changes as may occur, the 
disadvantage of being indirect and non quantita- 
ive with respect to actual blood flow changes. 
According to both methods the vessels in the 
parietal region of the cat’s brain possess a vaso- 
onstrictor innervation via the cervical sympa- 
hetic (26) (37), a vasodilator innervation through 
he great superficial petrosal nerve (4) (9), @ 
capacity for being strongly dilated by many (28) 
(31) (37), weakly constricted by a few (31) (37) 
chemical agents. As a result of these findings it 
seemed proper to conclude (31) that the blood 
vessels in the brain do possess a well developed 
capacity for intrinsic control but that this differs 
from the control of blood vessels elsewhere in 
that it depends on tonic dilatation (rather than 
constriction) by means of chemical agents (rather 
than nerve impulses) of vessels having a high 
(rather than low) intrinsic tone, that intense 
constriction would result from diminution in this 
chemical vasodilator influence (not from vaso- 
motor nerve impulses or' chemical vasoconstrictor 
agents) and that the need for increased blood 
Supply associated with increased functional ac- 
tivity would be met through dilatation of the 
finer blood vessels by the increased amount of 
vasodilator material being produced. Because ex- 
cess CO. caused quite marked increase and di- 
minished CO, a fairly marked decrease in the cat’s 
cortical circulation, CO: was held to be the main 
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if not the sole agent in the normal intrinsic regu- 
lation of the cerebral vasculature (28) (31). 

This interpretation of the experimental findings 
seemed quite satisfactory until recently, when 
Dumke and I (6) finally succeeded in making 
quantitative measurements of total cerebral 
blood flow in monkeys. As far as I know, these are 
the only unequivocal quantitative measurements 
of cerebral blood flow that have ever been made 
under conditions approaching the normal. We were 
greatly surprised to find that cerebral blood flow 
was affected only slightly if at all by changes in 
CO, content of the inspired air, changes in the 
oxygen content showing more consistent and more 
marked effects—observations that have been con- 
firmed in a series of similar experiments just 
concluded. We also were surprised to find that 
stimulation of the cervical sympathetic nerve had 
only negligible effects on the monkey’s total cere- 
bral blood flow. In other respects the results and 
interpretations were similar to those of the cat 
experiments: there were many agents by which 
cerebral blood vessels could be dilated but none 
at all by which they could be strongly constricted. 
Metrazol proved to be a very effective cerebral 
vasodilator. All these observations have recently 
been confirmed. 

The lack of concordance with regard to the ef- 
fects of CO2 may be interpreted in one of two ways: 
either the response of the cortex (which was the 
only part of the brain studied in the cat experi- 
ments) is not representative of the great mass of 
brain substance, or else species differences exist. 
At present it seems probable that both may be 
true. When we applied a thermocouple to different 
parts of the cat’s brain we found distinct differ- 
ences in the response to cervical sympathetic 
stimulation, for while this caused consistent and 
quite marked vasoconstriction in the parietal 
region (26), it was less effective in the hypotha- 
lamic area (25) and ineffective in the medulla (33), 
pons (25) and occipital lobe (31). It is true that 
COz produced vasodilatation in all these areas, 
but since the method was not quantitative we 
cannot draw any conclusions as to differences in 
the degree of this effect. No subcortical areas 
were investigated. Therefore we are at present 
without adequate information either as to the 
distribution or the degree of the dilatation of 
blood vessels produced by CO; in different parts of 
the brain of the cat, and we have no comparable 
information at all about the state of affairs in 
other animals except a few observations in the 
parietal area of the rabbit (31), where the re- 
sponses were qualitatively similar to those ob- 
tained in cats. 

As for species differences, decision must be re- 
served until the same method has been applied 
with equal success to different species of animals. 
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This has not yet been done. As just noted, we have 
used the thermocouple method in the parietal 
cortex of rabbits but in the similar attempts thus 
far made in monkeys the responses were less strik- 
ing than in rabbitgand much less striking than in 
cats. Whether this is due to faulty instrumen- 
tation or to an actual species difference has not 
yet been determined. The converse experiment— 
direct quantitative measurement of total cerebral 
blood-flow in animals other than monkeys—also 
has not yet been made. It will be impossible in the 
cat because of abundant and inaccessible com- 
munications between the extracranial and intra- 
cranial parts of the cephalic circulation (2). 
Measurements of flow through the internal car- 
otid of the dog (34) are meaningless for the same 
reason; ligation of a few of the most direct chan- 
nels connecting the internal and external carotid 
systems of the dog (3) (12) is still far from pro- 
ducing an isolated cerebral circulation because 
large, direct communications between the circle of 
Willis and the external carotid distribution still 
exist by way of free anastomoses between muscu- 
lar branches of the vertebral and occipital ar- 
teries. In the rabbit these communications are 
much less well developed, and we have attempted 
to take advantage of this fact (31). We used a 
thermostromuhr to measure blood flow through 
the internal carotid, but were unable to secure 
satisfactory in vivo calibrations (which, in view of 
previous experience with the method applied to 
the renal circulation (35), we have come to regard 
as absolutely essential). It was in the course of 
attempts in that direction that we came to employ 
a crude bubble flow-meter, a refinement of which 
has been used for the monkey experiments (6). 
A critique of these and other methods will be found 
below in the article by Gregg and Shipley. Suffice 
it to say here that in our hands (as in those of 
others who have insisted on in vivo calibrations) 
the thermostromuhr has proved unreliable quan- 
titatively and not entirely dependable even quali- 
tatively, and we hold the burden of proof to be 
with those who claim that in vitro calibrations of a 
thermostromuhr are applicable to in vivo con- 
ditions. 

It is impossible to say at present whether the 
above-mentioned differences between the monkey 
and the cat (the greater effectiveness of anoxia 
and the smaller effectiveness of CO, and of sym- 
pathetic nerve stimulation in the monkey) are due 
to differences in the responses of blood vessels in 
the cortex and in the deeper parts of the brain, 
or to species variations. At the present time, 
however, our faith in the supreme importance of 
CO, as a regulator of the cerebral circulation has 
been shaken because oxygen appears to be a more 
important agency than CO, in the monkey, and the 
monkey is at least anatomically closer to man than 
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to the cat. This is a point of immediate practical 
importance in the interpretation of the effects of 
hyperventilation, the unconsciousness of which 
has been ascribed to intense constriction of corti- 
cal vessels because of diminution in arterial pCO, 
(28) (31). If the cerebral vessels of man are affected 
more by changes in pO, than in pCO», hyperven- 
tilation in the presence of anoxemia (as at high 
altitudes) should elicit much smaller effects than 
at normal ambient pO2. There is nothing in the 
results thus far obtained in monkeys to justify 
the belief that hyperventilation can cause intense 
cerebral vasoconstriction, but*the anesthetic may 
prevent such effects and further study is needed 
before a final statement is justified. At present I 
am inclined to attach greater significance to the 
monkey experiments than to any others, not only 
because these animals should resemble man more 
closely than cats, dogs or rabbits do, but also 
because they furnished us for the first time with 
actual quantitative measurements of cerebral 
blood flow. But then it appears that the recent 
trend of thought about the control of the cerebral 
circulation may have been unduly influenced by a 
situation peculiar to the cat. 

If there are variations among different animals, 
and even among different parts of the brain of the 
same animal, it is obviously desirable to concen- 
trate attention and effort on studies of the cerebral 
circulation in man. Apart from observations of the 
retinal circulation (which may or may not give 
valid information as to the behavior of the intra- 
cranial vessels and which certainly could not be 
made quantitative as to cerebral blood flow), 
direct inspection or thermocouple measurements 
in the human cortex (18) or internal jugular (10) 
(which likewise cannot be made quantitative), 
there are just two methods that have been used in 
the expectation of measuring cerebral blood flow 
in man. These are the occlusion plethysmographic 
procedure (7) and study of arteriovenous oxygen 
differences (14) (17) (37) (38). I believe the results 
obtained by either procedure to be untrustworthy 
because of factors that are inherent in the basic 
facts of the cerebral circulation and that therefore 
cannot be completely circumvented by refine- 
ments of technic. Reasons for this statement are 
as follows: 

The plethysmographic technic has yielded figures 
of less than 250 cc. at rest and about 400 cc. maxi- 
mum, for total cerebral blood flow in adult 
males (7). This would mean approximately 16 and 
26 cc. per 100 grams per minute (assuming a brail 
weight of 1500 grams). The corresponding figures 
in our experiments on monkeys were about 60 and 
110 ec. per 100 grams per minute (6). The discrep- 
ancy is further increased if the monkey figures 
are corrected for the reduction occurring on lig® 
tion of the basilar artery, which brings the meal 





prefer 
no va 
good 

below 
we CO 
terial 
and tl 
consu: 
est va 
10 gn 
This \ 
brain. 
spond: 
100 gr: 
values 
differe 
1000 ¢ 
Ferris 
the ce 
ferenc 
ec, mg 
minut 
were n 
in mon 
eviden 
of bre: 


FEDERATION PROCEEDINGS 


resting flow to about 85 cc. per 100 grams per 
minute. 

It should however be pointed out that in a re- 
cent series of similar experiments the average rest- 
ing cerebral blood flow (uncorrected) was only 47 
ce, and a value equal to or greater than the mean 
of the earlier experiments was encountered only 
once in 30 animals The monkeys used recently 
were smaller and less resistant to the experimen- 
tal procedures than those used previously. Fur- 
thermore, all the recent measurements were made 
while the animals were breathing oxygen, which in 
itself is likely to reduce cerebral blood flow in the 
monkey (6). We are uncertain, therefore, whether 
the earlier estimates were excessive or the recent 
ones deficient. In any case however, the figure 
given by Ferris (7) for resting cerebral blood flow 
in man is only a fraction of that corresponding 
with direct measurements of cerebral blood flow 
in the monkey. 

This may of course mean either that the monkey 
figure is proportionately excessive for man, be- 
cause of species differences or experimental arti- 
facts, or that the plethysmographic method sys- 
tematically undervalues the true flow in man. I 
prefer the latter explanation, because I know of 
no valid evidence in support of the former while 
good reasons exist for suspecting the latter (see 
below). Furthermore, in our recent experiments 
we collected samples of cerebral venous and ar- 
terial blood while measuring cerebral blood flow 
and thus were enabled to estimate cerebral oxygen 
consumption under different conditions. The high- 
est value in the ‘‘normal”’ period was 4.5 cc. per 
100 grams of brain (moist weight) per minute. 
This would mean 67.5 cc. for a 1500 gram human 
brain. At an A-V difference of 8 (20) the corre- 
sponding blood flow would be 840 cc., or 56 cc. per 
100 grams, per minute, which is between the mean 
values of our two sets of experiments. At an A-V 
difference of 6.8 the blood flow would be about 
1000 cc., or 67 cc. per 100 grams, per minute. If 
Ferris’ values for blood flow are used, however, 
the cerebral oxygen consumption at an A-V dif- 
ference of 8 would be 12.8 cc. resting and 20.8 
¢¢. maximal, or 0.86 and 1.4 cc. per 100 cc. per 
minute. Cerebral O2 uptakes as low as the latter 
were never encountered in our recent experiments 
in monkeys whose brains were functioning well as 
evidenced by active ocular reflexes or normal type 
of breathing, while figures as low as the former 
were met with only in moribund animals. There- 
fore, while species differences must always be 
suspected, it seems desirable at least to use these 
figures for orientation as to the magnitudes that 
nay be involved and to examine the plethysmo- 
graphic method for inherent sources of error. 

The shortcomings of the occlusion plethysmo- 
graphic technic are discussed in detail by Gregg 
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and Shipley in the third article of this series. 
Suffice it to say here that the procedure contains 
two major sources of error, both tending to under- 
value the actual flow and both as yet uncontrolled 
and unevaluated. One is inability of the spinal 
puncture needle to carry away the cerebrospinal 
fluid as rapidly as it is displaced by accumula- 
tion of blood in the cerebral veins. The other is 
escape of blood from the cerebral into the spinal 
venous system, and thence into the thoracic and 
lumbar veins, when the cerebral venous pressure 
is raised by jugular occlusion. The error intro- 
duced by the first of these, while not entirely 
negligible, is probably small compared with the 
second. Batson, in the next article of this series, 
points out the abundance of the communications 
among the cerebral, spinal, and systemic venous 
systems; as proof of the competence of these path- 
ways to carry blood away from the head he cites 
cases of complete obliteration of the superior 
vena cava in man, without any symptoms of 
cerebral vascular impairment. We have frequently 
ligated the superior cavae of dogs and cats, and in 
our recent experiments on monkeys have routinely 
ligated both internal jugular veins as a necessary © 
step toward the insertion of catheters into the 
jugular bulbs. Although careful watch was made 
for changes in respiration, circulation and ocular 
reflexes, no such changes were seen. Measurements 
of cerebral venous pressure, made in the course of 
some of our earlier experiments (23) during occlu- 
sion of the superior cava, showed a sharp initial 
rise to a plateau beyond which no further rise 
occurred no matter how long the occlusion lasted. 
That the pathway for cerebral venous return 
under such circumstances is the spinal sinus. 
system is shown, not only by the anatomical 
data of Batson, but also by the fact that when the 
communications between the cerebral and spinal 
venous systems are ligated, jugular occlusion 
produces the characteristic picture of acute cere- 
bral anemia (28, p. 655). 

It seems certain that the occlusion plethysmo- 
graphic technic cannot reveal the cerebral blood 
flow that existed before the jugulars were oc- 
cluded, because the proportion of blood leaving 
the brain by way of the spinal sinus system must 
increase as cerebral venous pressure rises during 
jugular occlusion. Whether the method can 
properly be used for comparative purposes is de- 
batable. It might be so used if the proportion of 
total cerebral blood flow passing from the cerebral 
into the spinal sinus system, and of that leaving 
the latter to enter the tributaries of the azygos 
and lumbar venous systems, were to remain con- 
stant in the face of probable alterations in the 
various pressures involved, viz. pressures in the 
cerebrospinal spaces, cerebral and spinal venous 
sinuses, superior caval (jugular and azygos) and 
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inferior caval (thoracic and lumbar) systems, as 
well as the intrathoracic and intraabdominal 
pressures. Constancy in the relationships among 
these factors would be difficult if not impossible 
to secure in living human subjects. The extent to 
which variations among them would modify the 
results will have to be ascertained by direct ex- 
perimentation. In my opinion, this should be done 
before the method is further used or its results 
further accepted, even for comparative purposes. 

The arteriovenous oxygen difference has been 
used by one set of workers to elucidate the meta- 
bolic activity of the brain on the assumption that 
cerebral blood flow remains unchanged, by another 
set to detect changes in blood flow through the 
brain on the assumption that cerebral metabo- 
lism is unaltered. Direct evidence bearing on this 
question has been obtained in our recent experi- 
ments (32) in which cerebral venous and arterial 
blood samples were collected while cerebral blood 
flow was measured, thus enabling us to obtain 
direct information about the correlations among 
cerebral A-V oxygen difference, cerebral blood 
flow, and cerebral metabolism. We found that 
changes in the A-V difference could be correlated 
reasonably well with either the blood flow or the 
metabolism in a given animal and within rather 
narrow limits, but neither correlation could be 
depended upon when the data were viewed as a 
whole. The only consistently valid correlation 
was that between cerebral metabolism and cere- 
bral blood flow, for this seemed to hold good 
under all conditions compatible with functional 
activity in the brain. 

The excellence of this correlation might mean 
either that cerebral blood flow in some way deter- 
mines cerebral blood flow, or that an intrinsic 
mechanism exists whereby the blood supply of the 
brain is automatically adjusted to its metabolic 
requirements. We prefer the latter interpretation 
because, in some of our best-conducted experi- 
ments, we were able to alter the cerebral blood 
flow in either direction without corresponding 
change in cerebral metabolism or functional ac- 
tivity. But if this interpretation is accepted, it 
follows that the intrinsic cerebral vascular con- 
trol, if it functioned perfectly, would completely 
prevent any change in the A-V oxygen difference 
even though the metabolic activity of the brain 
had changed considerably. Changes in the A-V 
difference would signify only that this mechanism 
was not completely successful, without of them- 
selves giving any indication as to whether cerebral 
metabolism or cerebral blood flow was primarily 
involved. 

Another fallacy in the cerebral A-V difference 
of Os (or anything else) is the irregularity in the 
communication among the cerebral sinuses. As 
Batson points out in the next article, the venous 
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return from the entire cerebral cortex may pass 
through one internal jugular, that from the lateral 
ventricular and choroid plexus systems through 
the other. Samples of blood drawn from the two 
jugular bulbs might therefore differ considerably 
in chemical composition and deductions concern- 
ing metabolic events in the brain as a whole would 
be correspondingly invalidated. 

Thus it appears that changes in the cerebral A-V 
oxygen difference cannot be interpreted either in 
terms of cerebral blood flow or cerebral metabo- 
lism. That the situation is more complex than it 
was thought to be is illustrated by the effects oj 
CO: inhalation, which has been found to decrease 
the A-V oxygen difference in man (37). The con- 
clusion that this proves the presence of a marked 
increase in cerebral blood flow must however be 
tempered by the fact that a similar decrease in 
cerebral A-V oxygen difference occurred during 
CO; inhalation in dogs whose cerebral blood flow 
was kept constant by means of a perfusion pump 
(23). The reason for this is unknown; reappor- 
tionment of blood among different parts of the 
brain was suggested (23) but a narcotic-like de- 
pression by CQ, is equally possible. 

The two methods that have been used for quan- 
titative studies of the cerebral circulation in man 
therefore appear to be fraught with so many 
uncertainties that the results obtained by them 
are of limited value until some of the above 
mentioned sources of error have been excluded, ot 
at least evaluated. It is unfortunate indeed that 
now, when data concerning the behavior of the 
human cerebral circulation are urgently desired, 
the only thing that can be said is that a con 
siderable amount of fundamental research wil 
have to be done before such data become avail- 
able. Yet in the past the first step toward real 
advances in clinical experimentation has often 
been dissatisfaction with the methods previously 
utilized, and it is to be hoped that history wil 
repeat itself here. 

The effect of drugs on the cerebral circulation 
is of considerable practical importance. Observe 
tions on total cerebral blood flow in monkeys (6) 
agreed with those previously made by less qual 
titative methods in cats and rabbits (31) (37) it 
indicating that there are many drugs by which the 
cerebral vessels can be dilated, none by which they 
can be strongly constricted. One important differ 
ence however was that epinephrine and its cot 
geners (benzedrine, ephedrine) showed a distinctly 
greater tendency to constrict the cerebral vessel 
of the monkey than those of the cat or rabbit 
Subsequent experience (32) has confirmed thi 
impression, for in our recent experiments ® 
monkeys epinephrine or benzedrine, given it 
travenously in dosage large enough to raise th? 
blood pressure, caused less of an increase in cere 
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bral blood flow than would be expected at the 
higher pressure. In no case, however, has there 
been a decrease in flow below the control level, 
and there is no reason to believe that these drugs 
could ever cause an actual spasm of cerebral blood 
vessels. The convulsant drugs metrazol and picro- 
toxin caused only an increase in cerebral blood 
flow at the time of convulsions, though a period of 
decrease below the control level typically oc- 
curred afterward. The only drug that we have 
found capable of producing a diminution in cere- 
bral blood flow intense enough to be designated 
spasm is coramine; this effect was immediate but 
transitory and was associated with depression of 
circulation, respiration and ocular reflexes; re- 
covery of all these functions then ensued and the 
convulsant effects of the drug became manifest 
together with an increase in flow above the con- 
trol level. The significance of these relationships 
is at present obscure, but it is at least possible to 
say with confidence that the convulsant action of 
metrazol and picrotoxin is not due to intense 
constriction of cerebral blood vessels and the 
spasm produced by coramine is associated with 
depressant, not stimulant phenomena. 

2. The effect of acute cerebral anemia on cerebral 
junctions. At the outset it should be made clear 
that the ability of anoxia (however produced) to 
depress the activity of nerve cells (in the brain or 
elsewhere) is not now and is not likely ever to be 
called into question. The doubts which now exist 
have to do with the stimulant effects of anoxia of 
lesser intensity or duration than that which elicits 
depression. Reasons for the doubts are as follows: 

First, reflexes from the carotid (and aortic) bod- 
ies are capable of accounting for some stimulant 
phenomena that in the past have been unhesitat- 
ingly attributed to direct anoxic stimulation of 
the central nervous system. This has been defi- 
nitely proved with regard to the hyperpnea, hy- 
pertension and tachycardia of anoxemia (see (28) 
(29) (30)). The vomiting and convulsions of acute 
anoxemia may or may not be reflex in origin. Our 
attempts at settling this point were frustrated by 
inability to produce such effects in dogs, but 
intravenous injections of cyanide were found to 
elicit violent convulsions, associated with un- 
consciousness and followed by prostration and 
Weakness, often by vomiting (27). These phe- 
tomena were either entirely abolished or greatly 
attenuated by denervation of the carotid and 
aortic bodies (27); the weaker stimulant effects 
Sometimes observed after the denervation were 
ssociated with circulatory depression (in con- 
trast with the stimulation seen in the intact 
animal) and may have been due to this (27). The 
‘onvulsions, unconsciousness and other effects 
seen in the intact animal were not due to alkalosis 
onsequent on the hyperpnea that preceded them 
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because the pattern was not essentially altered 
when the animal was made to breathe 7% CO, 
throughout the entire observation period. There 
is little doubt therefore that the disturbance 
set up in the central nervous system by strong 
stimulation of the chemoreceptors can extend far 
beyond the respiratory, vasomotor and cardio- 
regulatory centers. 

Whether the convulsions of acute cerebral ane- 
mia (the ‘‘Kussmaul-Tenner spasms’’), as well 
as the hyperpnea, hypertension, and changes in 
heart rate that occur when the carotid and verte- 
bral arteries of a reactive animal are occluded, 
could also be referred to reflexes from the chemo- 
receptors, is at present uncertain though by 
no means improbable. It is true that occlusion of 
these vessels still caused some stimulation of 
respiration and circulation after denervation (24), 
but it is also true that the stimulant effects tended 
to be greatly reduced by the denervation in the 
small number of experiments so far performed. It 
is not at all unlikely that when the carotid and 
vertebral arteries are abruptly closed carotid 
pressure may fall so low as to reverse the flow of 
blood through the carotid bodies and permit 
venous blood to enter them (29), or there may 
simply be stasis and deoxygenation of blood in 
contact with the carotid body receptors (36). 
Thus the possibility of arousing strong reflexes 
under such circumstances is by no means fantas- 
tic, nor is their capability of then producing the 
familiar stimulant pattern, but the subject ob- 
viously needs further investigation. 

The second type of evidence has been obtained 
from experiments in which total cerebral anemia is 
induced by rapidly elevating the cerebrospinal 
pressure to a level higher than the arterial. Many 
such observations have been made (see (37)) but 
as far as I know none have shown more than slight 
and transitory stimulation of respiration when 
the anemia approaches or reaches totality and in 
my own experience hyperpnea is the exception 
rather than the rule. There may be some move- 
ment of the limbs at the first injection of fluid, 
but this could be due to sensory impulses from 
the meninges rather than to direct involvement of 
motor neurones. In any case there is nothing re- 
sembling the violent dyspnea and convulsive 
movements associated with occlusion of the 
carotid and vertebral arteries. 

The interpretation of these findings is not satis- 
factory without additional facts that are not 
available. The anoxia elicited by elevation of 
cerebrospinal pressure to a level higher than that 
in the aorta is total because all of the cerebral 
vessels must then be empty of blood (see (37)). 
One might assume that the neurones of the central 
nervous system are almost immediately inac- 
tivated under those circumstances and thus ex- 
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plain the absence of stimulant phenomena. But 
this cannot be true of the vasomotor center, the 
activity of which is progressively increased as 
cerebrospinal pressure rises (28) (37). Perhaps 
the latter are the only nerve cells to be stimulated 
by total cerebral anemia, but that conclusion is 
too important to be reached without further evi- 
dence. It is noteworthy that the period of anemic 
anoxia must have been preceded by one of stagna- 
tion because the first effect of the rise in extra- 
vascular (intracranial) pressure must have been 
to stop the flow of blood on the venous side, 
where the intravascular pressure is lowest. The 
onward flow then must stop while the vessels re- 
main full of blood, and it may be for this reason 
that respiration persists until the rising cerebro- 
spinal pressure is within a few millimeters of the 
arterial, or returns as soon as the former has fallen 
or the latter risen until they are nearly identical. 
It is improbable that the pressure in the capil- 
laries in contact with the respiratory center is 
practically equal to that in the aorta when there is 
an onward flow through them, but these observa- 
tions strongly suggest that the presence of blood 
in the capillaries supplying them is of the utmost 
importance to the ability of nerve cells to main- 
tain their activity, even though there is little or 
no onward flow of the blood. 

In view of these findings it is not possible at 
present to state categorically whether the effects 
of cerebral vasoconstriction would be stimulant 
or depressant to the activity of the part of the 
brain affected. The vasomotor theory of epilepsy 
has been abandoned (18) and if our results with 
metrazol and picrotoxin can be taken as repre- 
sentative convulsant agents cause an increase, not 
a decrease in cerebral blood flow. In monkeys in 
which cerebral angiospasm is present we find 
respiration gasping or absent and ocular reflexes 
abolished, and metrazol then fails to cause con- 
vulsions. All these findings obviously apply to 
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the depressant stage of anoxia; they do not ex. 
clude a preliminary stimulation, but of the latter 
we have as yet seen no definite signs. — 

Pertinent observations in man have been made 
by inducing positive or negative acceleration. 
Positive acceleration causes cerebral anemia and 
leads to dimness of vision (‘‘gray out’’) or tem- 
porary blindness (‘‘black-out’’), which may 
quickly be followed by loss of consciousness; 
recovery is prompt and there are no sequelae 
(1) (22). Negative acceleration causes cerebral 
congestion and manifests itself as red vision fel- 
lowed by blindness, menta] confusion and even 
loss of consciousness (‘‘red-out’’); it is followed 
by severe, prolonged headache (1) (22). In neither 
case are convulsions or other stimulant effects 4 
prominent feature before or during the period of 
loss of consciousness. As far as one can judge from 
these observations, neither acute anemia nor acute 
congestion of the brain of man characteristically 
causes stimulation before depression, but only 
depression which may perhaps be followed by 
stimulant phenomena. 

These remarks should suffice to support the 
statement, made earlier in this article, that exist- 
ing evidence bearing on the practical application 
of the physiology of the cerebral circulation is 
sufficient to prove the older, simpler viewpoints to 
be untenable in their original form, but insufficient 
to warrant the construction of definitive new ones. 
Reasons for the existence of this unhappy situa 
tion will be found in the two following articles 
dealing with the anatomical and instrumental 
difficulties involved in studies of the cerebral 
vessels. If, by placing these various aspects of 
the subject under a single heading and including? 
summary of current clinical viewpoints, other 
may be stimulated to fill in missing items of it 
formation, or to attack these problems with better 
prospects of success, we shall all feel amply repaid. 
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ANATOMICAL PROBLEMS CONCERNED IN THE STUDY 
OF CEREBRAL BLOOD FLOW 


OSCAR V. BATSON 
Department of Anatomy, Graduate School of Medicine, University of Pennsylvania, Philadelphia 


Organs with pedicles through which the major 
blood vessels enter and leave are most favorable 
for the study of blood flow. Next are those with a 
hilum in which the vessels are grouped. If the 
arterial side is used to measure the blood flow, the 
integrity of the stream must be maintained. On the 
venous side, it is permissible to measure the out- 
flow directly by collection. This provides, at the 
same time, the data for determining the rate of 
flow and one of the required blood samples for 
studies of tissue metabolism. If the anatomy 
permits, the study of the venous outflow would 
seem preferable. Tubular organs, even if they 
possess a pedicle, have a complex vascular supply 
system. The brain, with its multiple vessels of 
entrance and exit, and neither hilum nor pedicle, 
tetains the characteristics of its embryonic tubu- 
lar origin. The anatomic relations are so complex 
and vary so much, between individuals as well as 
from species to species, that great care is neces- 
sary to obtain valid results. If the rate of flow is 
to be measured on the arterial side,.an experimen- 
tal animal is required in which it is possible to 
include all of the blood going into the brain and 
‘0 exclude all going elsewhere. The anastomoses 
between arteries are so great that it is desirable 
to pick up the selected vessels as near to their 
‘ntrance into the brain as possible, in order to 
lessen the possibility of disturbing anastomoses. 

ne number, as well as the size, of anastomotic 

essels is important. 


A brief analysis of the features of interest in the 
well known blood supply of the brain in man will 
serve to clarify the problem, and at the same time 
serve as a starting point for considering the 
anatomic peculiarities encountered in available 
experimental animals. 

In man, each of the paired common carotid 
arteries divides to form the internal and external 
carotids of its side. The internal carotids give 
off no branches before entering the skull. After 
entering the skull, but before joining the circle 
of Willis, there are a few minute branches, too 
small to be of significance, and the ophthalmic 
artery. The ophthalmic artery, in addition to 
supplying the strictly neural tissue of the orbit, 
is distributed to the lacrimal apparatus, the 
ocular muscles, and part of the nasal mucosa. 
In animals having a similar anatomy for the 
ophthalmic artery, this extracerebral circulation, 
while probably not of an amount to seriously dis- 
turb results, must be taken into consideration. 
The internal carotid arteries in man are the major 
source of arterial blood for the brain. Bilateral 
compression of the common carotids in the neck 
is followed in a few seconds by unconsciousness. 
One common carotid artery can be ligated in man, 
on occasion, without ill effect. The hemiplegias 
that have occurred following ligation may have 
been due to the anemia or, according to Dandy 
(1), to an embolus produced by the ligature. 
Dandy recommends a preliminary testing of the 
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effects of simple compression before operation, 
in order to evaluate the anatomic adequacy in the 
particular patient, and a slow ligation to prevent 
embolus formation and to develop collateral 
channels. The need for preliminary tests indicates 
the variations in human anatomy. ait a | 

The paired vertebral arteries in man take origin 
from the subclavian arteries, and as they course 
up the neck, unlike the internal carotids, have 
numerous branches, the rami spinales, to the 
neighboring muscles. In man, these do not have 
great significance, but in some comparative forms 
with large neck muscles, these connections might 
be a major source of error. Once inside the skull, 
the vertebral arteries and their united continua- 
tion, the midline basilar artery, distribute numer- 
ous branches to the brain in the posterior fossa, 
The basilar artery resolves into the paired pos- 
terior cerebral arteries, which are a part of the 
circle of Willis. 

While making injections, I have seen small 
arteries crossing the subdural space from the dura 
to the brain of man, particularly near the anterior 
end of the falx. Because of their small size and 
variability, they cannot be considered significant 
in the arterial supply of the brain. 

Before leaving the arteries in man, the signifi- 
cance of the anastomoses between the two exter- 
nal carotid arteries must be outlined. These anas- 
tomoses are so rich that little discomfort is 
experienced after the ligation of a common carotid 
artery. Mont Reid (2) gives a complete discussion 
of this in his paper on arterio-venous fistulas. 
He shows that after ligation of a common carotid 
artery, its internal carotid, because of the anas- 
tomotic connections between the external carotids 
of the two sides, is fed through the external ca- 
rotid artery. To occlude the internal carotid artery, 
Reid therefore ligated the common carotid and the 
external carotid. In an animal with similar rela- 
tionship, a parallel procedure would permit the 
isolation of the internal carotid without disturb- 
ing the carotid sinus region. 

In brief, in man the two large internal carotid 
arteries and the two small vertebral arteries enter 
the skull and supply the brain. They intercom- 
municate to a variable degree through the circle 
of Willis, and through anastomoses between ar- 
teries on the brain surface. The variation in size 
of these arteries and their communications deter- 
mines the safety with which one internal carotid 
artery may be ligated. 

In an animal similar to man, to study blood flow 
of the brain on the arterial side, the internal ca- 
rotid arteries are the only vessels readily exposed. 
The vertebral arteries would have to be isolated 
or occluded after they attain the posterior cranial 
fossa. The ophthalmic arteries are the only signifi- 
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cant arteries that leave the cranium for non-ney. 
ral distribution. 

The channels for the return of venous blood 
from the brain are very complex. An adequate 
concept of the problem is difficult without the 
study of corrosion specimens and other special 
injections. Because of the great number of cerebral 
veins that parallel each other, the low level of the 
venous pressure, the absence of valves, the direc. 
tion of flow in many of these must be reversed 
frequently. The veins leave the brain and crog 
the subdural space to adjacent dural sinuses, into 
which they empty. Most of the veins from the 
cerebral cortex join the-superior longitudinal 
sinus. However, several named anastomotic vein 
open into the transverse sinus near its sigmoid 
portion. The superior longitudinal sinus enlarges 
as it goes backward, and at the tentorium, with 
the two transverse sinuses and the straight and 
the occipital sinus, forms the torcular (winepress), 
or the confluence of the sinuses. Either name 
implies a misconception of function. ‘Occipital 
dural plexus’”’ might better be applied, for only in 
a small number of cases do the vessels unite s 
that their contents flow together. 

Three vessel patterns are recognized here: /. 
The superior longitudinal sinus continues as the 
left or right transverse sinus—usually the right. 
The straight sinus flows to the opposite side. 
Small channels effect an imperfect anastomosis. 
2. The superior longitudinal sinus divides and is 
distributed about equally to the right and left 
transverse sinuses. 3. There is a true confluence of 
the several sinuses. Blood coming from straight 
sinus is from the veins of the lateral ventricles 
and the chorioid plexus, and might be quite differ- 
ent from that coming from the sagittal sinus which 
drains the cerebral cortex. In those cases in which 
there is no true confluence, the blood in the two 
internal jugular veins would differ correspond: 
ingly in its chemical composition. 

Leaving the cranium, the jugular bulbs, becautt 
of their large size and direct continuation with 
the lateral dural sinus, have received most at 
tention. There are many other venous pathwayi 
from the cranium, however, that do not join th 
internal jugular vein until a much lower level 
The so-called sinuses on the skull base, such # 
the basilar, the cavernous, etc., are really plex: 
form networks which communicate with similat 
meshworks within the bones of the skull base, and 
the pterygoid plexus of either side, below the skull 
and the veins of the orbit. Every nerve and & 
terial foramen in the skull base transmits soit 
veins in this network. 

From a corrosion preparation, one could d 
scribe this intracranial, extracranial, and intt® 
osseus network as a single venous plexus in whith 
the bodies of the sphenoid and the occipital bon 
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eembedded. These channels of outflow from the 
ranium, although individually small, are too 
numerous to be disregarded. 

In the bones of the calvarium there are two sorts 
of veins; those veins which collect the metabolites 
rom the bone itself, and those which act as by- 
passes between the dural sinuses and the extra- 
ranial circulation, or between different dural 
sinuses. Since there is free union between the ves- 
els carrying the metabolites from the bone and 
hose from the dural sinuses, there is a dilution of 
he venous return from the brain. The amount of 
blood from the bone can be estimated by noting 
he size of the several meningeal arteries, for the 
meningeal arteries are the nutrient arteries for 
he skull. In man, the anterior meningeal artery 
sa terminal twig from the internal carotid. It 
stoo small to be of significance. The middle and 
posterior meningeal arteries are branches of the 
external carotid artery. The middle meningeal is 
he only one of these of large size. The veins in 
he skull vault communicate with the superficial 
nous circulation through emissary veins. The 
same name is used for those direct communications 
between the dural sinuses and the superficial 
veins. Ordinarily these emissary veins are not of 
a caliber to make them significant in quantitative 
studies of blood flow. However, occasionally one 
finds an entire sigmoid sinus draining out through 
» mastoid emissary vein. These mastoid emis- 
aries are generally the largest, and subject to the 
most variations. In any animal species presenting 
he same vessels with a degree of variability com- 
parable to man each individual would have to be 
studied, to find whether such channels were of a 
size to interfere with accurate quantitative work. 
The large diploetic channels mentioned above, 
sometimes called the diploetic veins of Breschet, 
tilarge with a chronic increase in intracranial 
pressure. The illustrations of the diploetic veins 
keen in the textbooks and atlases obviously do 
hot represent the average condition. A radio- 
aphic survey of some sixty calvaria disclosed 
ess than ten large enough to cast a distinct 
thadow on the x-ray film. In the human, therefore, 
his circulation in the calvarium raises two points 
of interest: the mixture of cerebral blood with 
tanial blood in the diploetic veins; and the 
several unpredictable communications of the 
terebral circulation with the vessels of the scalp 
by way of the emissary veins. 

This brings us to a most significant feature in 
he cerebral venous drainage—the network of 
reins which begin with the dural sinuses of the 
posterior cranial fossa, and extend the entire 
tngth of the spinal column. This plexus requires 
pecial methods of demonstration, and for that 
-ason is not frequently studied. The best account 
ind the best illustrations were provided by 
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Breschet (3). This longitudinal plexus has been 
divided into several parts. I have reported (4) 
the ease with which flow takes place from end to 
end. The internal vertebral plexus occupies the 
space between the dura mater spinalis and the 
bone of the spinal canal. The external vertebral 
plexus surrounds the vertebral arches and lies in 
the deep back muscle. At least three pairs of 
longitudinal networks can be distinguished: the 
pair in front of the dura; a pair behind the spinal 
dura; and a pair on the side of the vertebral spine. 
Opposite the middle of the bodies of the vertebrae 
there is a large transverse connection between the 
longitudinal chains. Many smaller, irregular, 
connections unite all parts of this into a giant’ 
linear plexus. At each intervertebral space there 
are communications with the intracavity veins 
of the thorax and abdomen, with the intercostal 
veins, and with other veins in the body wall. In 
the neck there are numerous junctions with the 
veins of the neck viscera and those of the shoulder 
girdle. Other vessels go through each vertebra, 
also uniting the intracavity vessels with these 
spinal vessels. Since many of these veins are 
wholly surrounded by bone, we are not justified 
in considering them a blood lake, rather they are 
channels providing constant interchange of blood 
between the cerebro-spinal group of veins and the 
intracavity veins. This plexiform network is 
without valves, and many connections with the 
cavities are without functioning valves. The total 
cross-sectional area of this system as it leaves the 
cranium has not been estimated. From corrosion 
preparations it appears greater than the combined 
area of the two jugulars. This does not of necessity 
mean that the carrying capacity is greater. There 
exists considerable clinical evidence as to the ca- 
pacity of this channel. In man, both internal jugu- 
lar veins have been ligated, either simultaneously 
or within twelve hours of each other, a sufficient 
number of times without disaster to indicate that 
this vertebral plexus is sufficient to take over the 
entire drainage of blood from the cranial cavity 
(5) (6). This bilateral ligation has ordinarily been 
used only in cases of severe bilateral mastoid dis- 
ease. If bilateral jugular ligation can be success- 
fully practiced under these conditions, the plexus 
must be assumed to be one in constant use. 
Meltzer (5) reports that, in his case, there was no 
change in the eyegrounds after ligation of both 
jugular veins. 

Another interesting series of cases presents more 
striking evidence of the adequacy of this set of 
channels. I have had the opportunity to study in 
some detail three cases of effort thrombosis in- 
volving vessels at the root of the neck. One case 
has been particularly informative because there 
is x-ray evidence of total occlusion of the superior 
vena cava and the vena azygos major. This has 
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been confirmed by surgical exploration. The x-ray 
studies with radio-opaque material show the 
altered course of flow. The total occlusion of the 
superior vena cava occurred three weeks after the 
initial injury. It is assumed that in three weeks 
the thrombus enlarged to a size at which this 
shut-off occurred. The patient’s chief and only 
complaint was that his face was swollen. X-ray 
studies of the venous return, made by injecting, 
simultaneously, superficial veins in each arm, 
disclosed that the return flow was by the vertebral 
plexus of veins. At the first examinations there 
was no evidence of an increased return by way of 
the subcutaneous vessels of the thorax and abdo- 
men. When it is realized that not only the blood 
from the brain, but the blood from the face and 
neck and both upper extremities, was forced to 
return over the vertebral plexus, and when it is 
realized that the mouth of the thoracic duct was 
occluded, the chief complaint seems trivial in- 
deed. We must admit that the vertebral vein 
plexus would not be able to take over in this 
emergency if it were not already a definitely 
functioning system under normal conditions. 

The sole complaint, in a second patient, was 
that his friends told him he was changing color; 
he was developing a reddish hue over his face and 
neck and hands. This first patient experienced 
dyspnoea on exertion and fatigue on slight use of 
the upper extremities. He would lose conscious- 
ness when in a horizontal position. Eighteen 
months after the acute onset, large veins appeared 
in the subcutaneous tissue on the thoraco-abdo- 
minal wall; the patient found that he could lie 
down without losing consciousness, and was now 
able to sleep in this position. We have here a set 
of channels of outflow from the skull which must 
be controlled if we are to measure blood flow on 
the venous side. The occipital sinus, either its 
straight or circular portion, the basillary sinus, 
the mastoid emissary veins, and the posterior 
condyloid veins, when present (about 60% of 
cases), all drain into this network. 

Tosummarize the venous outflow from the brain 
in the human: blood may leave by the internal 
jugular veins by the forward anastomoses with 
the orbit and the pterygoid plexus of veins, by 
way of emissary vessels through the cranium, and 
especially important, by way of numerous chan~ 
nels which join the vertebral vein plexus. The 
significance of this plexus is that it appears to 
operate under normal physiologic conditions and 
in a certain number of individuals, at least, is 
capable of taking over the entire drainage after 
acute occlusion of the jugular veins. 

The existence of a vertebral plexus of veins 
precludes the possibility of measuring cerebral 
blood flow on the venous side unless the plexus is 
closed. From its anatomic structure, it would not 
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appear feasible to introduce cannulae for measur. 
ing flow. The detailed anatomy of the vascular 
system for most of the comparative animals has 
not been well worked out. This is particularly true 
of the veins. Therefore, I injected the cerebral 
veins in the Rhesus monkey, the rabbit, the dog, 
and the cat in a small series, and studied the dis 
tribution by radiographs. I can report that the 
vertebral vein plexus described for the human 
is at least as large in proportion in these four 
animals. Since this vertebral vein plexus is 4 
survival of primitive embryonic channels, this 
similarity would be expected. There are indica. 
tions of enough other channels to raise the ques- 
tion of whether the blood flow measurements 
should be made on the venous side even if the 
vertebral plexus is occluded. For example, Strauss 
(7) has pointed out a large emissary vein in the 
monkey which becomes superficial near the con- 
dyle of the mandible. I have confirmed the pres- 
ence of this vessel in the radiographic films. The 
pterygoid plexus of the monkey, cat, dog, and 
rabbit, is also of a size comparable to that ins 
human. 

On the arterial side, the question of the com- 
parative anatomy has been discussed by Leonard 
Hill (8), and, more recently and extensively, by 
Ask-Upmark (9). Both of these accounts consider 
the collateral channels on the arterial side in : 
series of animals. For the anatomy of the arterial 
system of the dog, the description of Ellenberger 
and Baum (10) still seems the best. For the cat, 
a recent excellent account by Davis and Storey 
(11) clears up many moot points. It is sufficiently 
detailed so that all of the anastomotic peculiar- 
ties are adequately listed. 

In addition to the internal carotids and the 
vertebral arteries which supply the brain in man, 
in other animals the external carotid and occipital 
arteries may function. The vagaries of the pres 
ence and absence of these four paired arteries ané 
their intercommunications provide the majo 
problem in studying blood flow on the arterial 
side. In addition, some animals have a peculia! 
elaboration of vessels known as a rete mirabil. 
This network provides intra- and extra-craniil 
junctions between the cerebral vessels and th 
external carotid arteries. Ask-Upmark believe 
that the rete mirabile is always associated with 
the participation of the external carotid artery il 
the cerebral circulation. Because of the extensivt 
anastomoses between the brain vessels and the 
extracranial organs, it appears that any animal 
with a rete mirable is unsuited for measurement 
of cerebral blood flow from the arterial side. Th 
manipulative procedures necessary to obliterslé 
an anastomoses through a rete mirabile seem t0 
great to be a laboratory routine. 

The Rhesus monkey is without a rete mirabil 
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and, in the main, the arterial pattern resembles 
that of man. There may be a difference in the de- 
gree of anastomosis between the vertebral ar- 
teries and the vessels supplying the muscles of 
the neck. It has been possible in anatomic speci- 
mens of this monkey to inject the arterial mantle 
of the brain rather completely after ligation of 
both common carotid arteries and after the liga- 
tion of the basilar arteries of the base of the brain. 
These anastomoses were obviously on the surface 
of the brain itself, and are probably not significant 
when pressures are maintained on both sides of 
the ligature, as they would be in life. Although 
Ihave not tried this with a human brain, I think 
that the same would be true. 

The Rhesus monkey would require the control 
of the internal carotids and the intracranial verte- 
bral artery in order to study the blood flow. For 
practical purposes, the anatomy approximates 
that of man. 

In the cat, the recent paper by Davis and Storey 
(11) has brought out a point imperfectly noted by 
earlier workers. The internal carotid, in their 
experience, does not have a lumen, hence it cannot 
be considered a competent vessel, as figured in 
the earlier diagrams. From the careful study of 
these workers, it is evident that the rete mirabile 
would be even more difficult to handle than as- 
sumed. X-ray films made of anatomic specimens 
of the cat after injection of roentgenopaque 
material, further emphasized the complexity of 
the region. The cat, therefore, is not suitable for 
the study of cerebral blood from the arterial side. 

In the dog, the internal carotid joins with the 
external carotid by way of several fine branches 
to the middle meningeal inside of the skull. This 
is sometimes called a rete. The basilar artery is 
formed in a rather atypical manner from the 
vertebral and the occipital arteries. These several 
connections between the internal carotid on the 
one hand, and the external carotid and subclavian 
arteries on the other, make it difficult, if not im- 
possible, to adapt the dog for quantitative flow 
studies under conditions approximating the nor- 
mal, 

In the rabbit, there is no rete mirabile. The 
brain is supplied by the internal carotid arteries 
and the vertebral arteries. The vertebral arteries 
are larger than the internal carotids. The rabbit 
should be a satisfactory animal in cerebral blood 
flow experiments, and has been used by Schmidt 
and Hendrix (12). The small size of the internal 
carotids is a drawback. 

Of the animals reviewed, the venous side is 
unsuited in all for the study of the cerebral blood 
flow. This will probably be true for most if not all 
forms. The pattern of the veins, as with any low 
pressure system, is always complex. The use of 
the arterial side in an animal with a rete mirabile 
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is undesirable, for the possibility of quantitatively 
controlling the anastomoses seems remote. Among 
the common animals, this leaves the monkey and 
the rabbit. In these, the vertebral arteries had 
best be eliminated in order to restrict anasto- 
moses. Unfortunately, in the rabbit the vertebral 
arteries are larger than the internal carotid ar- 
teries. As for securing a proper sample of venous 
blood, the jugular bulb should be satisfactory— 
particularly if both sides are used. The region of 
confluence of the sinus should also be suitable. A 
too rapid aspiration might here withdraw blood 
from the vertebral vein plexus. 

Among the animals, there may be one with in- 
ternal carotid arteries and without a rete mira- 
bile, and without vertebral arteries. All that could 
be asked for more would be that this animal have 
internal jugular veins that received no tributaries 
until far below the skull base. Studies of cerebral 
blood flow and of cerebral metabolism in vivo 
would then be comparatively simple. Up to the 
present time, no animal having these specifica- 
tions has been brought to our attention. 

A final word about estimating the brain area 
irrigated by a particular artery. Such estimations 
are generally made by injecting a color mass into 
the artery selected. The basis for the use of this 
method seems to rest upon the paper of Kramer 
(13). The total unreliability of the method, even 
when applied in the living animal, can be under- 
stood by referring to the argument that has gone 
on for decades as to the direction of flow in the 
fetal circulation. Using identical injection meth- 
ods, workers have succeeded in obtaining evidence 
which proved opposing thegries. Any one who 
makes injections of anatomic parts is familiar with 
the rules: use a thin mass or a solution of low 
viscosity for demonstrating the finer vessels and 
anastomoses; use a thick mass, large particles, 
and high viscosity to exclude them. So much 
depends upon the state of the tissue at the time of 
injection that one always expects to make several 
preparations and to select the best of the lot. A 
novice, by accident with luck, and one more ex- 
perienced, by aesign, may inject the entire region 
or entire organ from a very minor vessel. In the 
injection of the monkey brain referred to earlier, 
the primary injection attempt was directed to- 
wards the spinal cord. The carotid arteries and the 
basilar artery had been ligated. The injection was 
made into the arch of the aorta to fill the segmen- 
tal arteries of the cord. The carotid arteries had 
already received an injection with India ink. 
Much of the area stained with the India ink was 
colored over with the Cinnibar injection. Had the 
ligature been left off the carotid arteries, no doubt 
an injection of the entire carotid area could have 
been obtained. This experience must be considered 
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typical. I am inclined to feel that authors report- 
ing similar areas of irrigation in a series of ani- 
mals are only reporting the use of similar injection 
methods. As for the materials used for injections, 
it must be borne in mind that the color ground 
for artists passes through capillary beds quiteas 
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readily as water-soluble stains such as soluble 
Berlin blue. It is difficult to believe that in an 
organ like the brain, with rich anastomoses be- 
tween arteries of visible size, one can obtain data 
sufficiently accurate for quantitative studies in 
physiology by anatomic injection. 
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EXPERIMENTAL APPROACHES TO THE STUDY OF THE CEREBRAL 
CIRCULATION! 


DONALD E. GREGG anp ROBERT E. SHIPLEY 
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The development of adequate methods and the 
overcoming of instrumental obstacles is an es- 
sential preliminary to the solution of problems 
dealing with the circulation. The object of this 
communication is to discuss the various devices 
and procedures that have been or could be used 
to study the cerebral circulation and to point 
out their respective merits and shortcomings. 
Such considerations should reveal the proper 
basis for the interpretation of the present and 
subsequent studies of the circulation of the brain. 

CHANGES IN PIAL VESSELS. Changes in diameter 
of the pial vessels of anesthetized animals have 
been observed through a tightly closed skull 
window with the aid of binocular microscopes 
and photographs, the space between the glass 
and brain surface being filled with Ringer’s solu- 
tion (1, 2). The arteries in this group of vessels 
range down to a small size but include few if any 
arterioles. The changes in their external diameter, 
as observed under various conditions (drugs 
locally applied or injected, nerve stimulation, 
changes in blood pressure and chemistry) are 
undoubtedly correct. The extent to which these 
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observations on the pial vessels apply to the 
unanesthetized state or the extent to which al- 
terations in their bore may regulate flow through 
the brain substance has not been determined. 
From the limited fields of micrometric observa- 
tion, investigators in general have exhibited 4 
laudable restraint in drawing conclusions con- 
cerning any changes in vasomotor state existing 
in the blood vessels in other portions of the brain 
or in the arterioles and capillaries within the brain 
substance. Although it would be reasonable to 
expect that constriction of the pial vessels would 
be accompanied by a decreased blood flow and 
their dilatation by an increased blood flow, 00 
evidence is available to indicate that the arterioles 
deeper in the brain substance do not exercise theit 
own vasomotor control over the rate of blood flow 
independently of the larger pial vessels. Signif- 
cant interpretations will be possible only whet 
subsequent studies are able to reveal a positive 
correlation between rate of blood flow and siz 
of pial vessels. 

PERFUSION TECHNIQUE. A considerable amoutt 
of information has been gained from experimental 
preparations in which the brain is perfused with 
blood by a mechanical pump (8, 4). Such a prep 
aration may be likened to that of the heart-lung 
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or isolated heart as used for studies of the cardiac 
circulation. The main virtue of such perfusion 
technique is that the several variables can be 
controlled and the effect of any one may be de- 
termined separately. However, the oxygen con- 
sumption, A-V oxygen difference and blood flow, 
all so easily measured, are determined under such 
unphysiological conditions that the changes ob- 
served are of questionable significance and only 
with considerable reservations can they be said 
to apply to the normal intact cerebral circulation. 

MEASUREMENT OF BLOOD FLOW WITH INSTRU- 
MENTS REQUIRING SEVERING OF BLOOD VESSELS. 
The direct quantitative measurement of total 
cerebral arterial inflow requires the measurement 
of the blood flow in all arteries supplying the brain 
or the measurement of flow in one or more arteries, 
the remaining ones having been tied. Flow meas- 
urements made in only one artery (the others be- 
ing left untied) may or may not indicate correctly 
the directional changes in total blood flow to the 
brain. Even if the remaining arteries are tied and 
total arterial inflow is then measured, the prepara- 
tion becomes sufficiently removed from the normal 
as to limit the interpretation of results. 

A number of instruments are available with 
which reliable measurements of blood flow. may 
be made. In each case, the instrument must be 
inserted between the cut ends of a vessel. The 
venturimeter (3), Pitot tube and orifice meter 
(5) are basically the same in operation and record 
the pressure difference between two points in the 
flowing stream. The pressure difference, which is 
proportional to the flow, may be read from water 
or mercury manometers, or in the case of the Pitot 
tube or orifice meter, the recording device has a 
sufficiently high natural frequency as to permit 
optical recording of the rapid phasic fluctuations 
in velocity of blood flow (flow pattern). The rota- 
meter (6) is a tapered vertical tube within which 
the height of a metal ‘‘float’”’ varies with the rate 
of blood flow. This device is being extensively 
used to record mean flow in the coronary and 
peripheral circulation. More recently, a small 
special rotameter has been devised with an elec- 
trical unit for continuous optical recording of flow. 
Mean rate of flow may also be measured by timing 
the passage of an air bubble through a glass tube 
of known length and volume (‘bubble meter,’’ 
Dumke and Schmidt, [7]). Of these instruments, 
only the venturimeter and bubble meter have been 
wed to quantitate cerebral flow. 

All of these devices have advantages and dis- 
advantages. As a group, they permit accurate 
measurement of blood flow. Some have individual 
technical advantages. For example, the rotameter 
and orifice meter permit continuous recording of 
flow changes. All limit flow to a variable extent 
and have the disadvantage of requiring their 
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inserticn into the severed vessel of an operated 
and anesthetized animal to which anti-coagulants 
have been given. These requirements must induce 
a variable and unknown degree of insult to the 
nervous, metabolic and cardiovascular system 
and therefore, the interpretation of the results in 
terms of the normal animal is necessarily limited. 

MEASUREMENT OF BLOOD FLOW IN THE INTACT 
BLOOD VESSEL. These methods do not require 
severing of the blood vessel or the use of anti- 
coagulants and in most instances can be used in 
the unanesthetized state. 

Thermostromuhrs. Changes in mean _ blood 
flow through vessels, including those supplying 
the brain, have been determined indirectly by 
recording the temperature difference of two ther- 
mal junctions applied to an unopened vessel 
when the vessel and blood between them are 
heated by means of high frequency current (Rein, 
8) or direct current (Schmidt and Walker, 9, 
Baldes and Herrick, 10). Inasmuch as these three 
types of thermostromuhrs are subject to essen- 
tially the same errors, they will be considered 
together. 

Schmidt and Hendrix (11) first suspected that 
this device (including their own) was subject to 
a number of possible sources of error, the collec- 
tive effects of which could not be predicted, 
identified or’ controlled. Subsequently, extensive 
tests (12, 13) of the instrument (Baldes-Herrick 
type) made in vivo, and in vitro have indicated 
that the relationship of galvanometric deflection 
to rate of blood flow will vary with 1) the artery 
used and its degree of stretch, 2) the position and 
degree of angulation of the unit with respect to 
the artery, 3) the presence of periods of zero flow 
or back flow in the flow pattern of the metered 
fluid, 4) the composition of the immediate environ- 
ment, 5) movements of extra- and intravascular 
fluid in the environment, and 6) viscosity of the 
metered fluid. Changes in the flow pattern are of 
particular importance. Many experiments have 
shown that when the actual intra-arterial mean 
rate of flow diminishes and short periods of back 
flow appear in the flow pattern, the thermostro- 
muhr may indicate a very large increase in flow 
(12). The flow patterns of all arteries thus far 
recorded with the orifice meter either normally 
contained backflow, or it could be induced by the 
injection of drugs and other procedures (14). 
Since there is no assurance that the instrument 
will indicate correctly quantitative or even di- 
rectional changes in flow, the use of the method is 
not recommended. Here, as with other methods, 
the use of a sound basic principle with the intent 
of detecting changes in one variable does not 
necessarily exclude ‘‘contamination’”’ of the re- 
sults by concomitant changes in other associated 
variables. 
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Electromagnetic flow meter. This method (15, 
16) utilizes the principle that an EMF is induced 
in the blood stream as it flows through a magnetic 
field. While the apparatus is somewhat bulky, 
requires exteriorization of the vessel, and pub- 
lished flow patterns are damped (as compared 
with those recorded with the orifice meter), the 
method appears adequate for determination of 
mean rate of blood flow. 

Needle thermoelectric blood flow recorder (Gibbs, 
17). This instrument consists of a heated thermo- 
couple (connected in series with a reference ther- 
mocouple and galvanometer) mounted in the end 
of a hypodermic needle and is inserted into an 
otherwise intact blood vessel. The galvanometric 
deflection varies with the rate at which blood flow 
“eools’’ the heated thermal junction. The instru- 
ment has been used to record changes in blood 
flow in the internal jugular vein of man. If 1, 
provisions are made for detecting changes in blood 
and body temperature; 2, the needle tip is known 
to be immobilized with respect to the vessel into 
which it is inserted; 3, the vessel diameter under- 
goes no significant change; 4, clots are not formed 
on the needle tip; 5, the velocity of blood flow 
over the needle tip remains proportional to the 
velocity of flow throughout the remaining cross 
section of the vessel, and 6, blood flow is at all 
times forward, then changes in galvanometric 
deflection should indicate correctly directional 
changes in flow. The extent to which such tests 
have been made in the individual experiments is 
not known. 

MEASUREMENT OF “‘TISSUE BLOOD FLOW”’ WITH 
THERMOELECTRIC INSTRUMENTS. The Gibbs 
“needle”? described above and its modification 
(Schmidt and Pearson, 18) have been used to 
indicate directional changes in blood flow 
in a localized area of tissue. The thermocouple 
(heated or cooled) is inserted a variable distance 
into the tissue and the temperature between this 
and another (reference) thermocouple recorded. 
An extensive evaluation of this method has been 
made by Schmidt and Hendrix (11). As applied 
to brain tissue, the method has the advantage of 
being simple in its application and operation, 
and also of permitting detection of changes in 
temperature within a localized area. The method 
has disadvantages in that 1, it is not specific for 
indicating changes in blood flow, since the tem- 
perature of the thermal junction may also vary 
with changes in heat production (metabolism) ; 
2, it is not a quantitative method; 3, the tissue 
adjacent to the needle is not ‘‘normal’’ by virtue 
of the unavoidable trauma induced by insertion 
of the needle; 4, although the needle may be fixed 
with respect to the animal’s head, slight recession 
or advancement of the brain on the needle tip due 
to changes in brain volume may easily simulate 
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changes in blood flow. In most instances, it can- 
not be determined from the published work 
whether these potential sources of error have 
been circumvented by those using the method. 
Any attempt to make the method quantitative by 
subsequent calibration of the recorded tempera- 
ture changes in terms of total blood flow through 
the tissue is unwarranted until it is established 
that the relationship of total blood flow to local 
temperature change remains constant during the 
time of an experiment and subsequent calibra- 
tion. 

CEREBRAL A-V OXYGEN DIFFERENCES VERSUS 
BRAIN CIRCULATION. The! difference in oxygen 
content of the blood entering and leaving the 
brain depends on the rate of oxygen consumption 
of the brain and the rate of blood flow through it. 
This difference has been determined and used by 
some investigators to study the cerebral circula- 
tion. 

The cerebral A-VO, difference has been used as 
an index of brain metabolism (19, 20). Changes 
in this figure have been noted in many circum- 
stances in animals or humans in which each served 
as his own control or in which comparisons were 
made between groups of individuals. An increase 
in this value is taken to indicate that more oxygen 
has been diverted to the tissues (increased metab- 
olism), a decrease that less oxygen has been used 
for cerebral oxidative purposes (decreased me- 
tabolism). This could be true only if the blood 
flow increased in the former instance, decreased 
in the latter instance or remained the same in 
both instances. However, there is no factual basis 
for this general assumption. On the contrary, 
extra-metabolic factors exist, such as blood pres- 
sure, blood gases and nerve action which may 
modify the A-VOz difference by inducing changes 
in the rate of blood flow. These are potent regula- 
tors of flow here and in other body regions and 
alterations in them are easily induced by changes 
in respiration and muscular activity. Hence, the 
blood flow must be known as to its magnitude 
and/or direction of change before the A-V0: 
difference can be used as an index of brain me- 
tabolism. If each animal or individual serves 48 
his own control, a change in A-VO, difference 
indicates correctly the change in brain metab- 
olism, except when A-VO, difference and blood 
flow are altered in opposite directions. In the 
latter case the change in A-VO; difference cannot 
be interpreted on a metabolic basis unless the 
absolute blood flows are known. If groups of ani- 
mals or humans are to be compared, the A-V0: 
difference may be interpreted in terms of cerebral 
metabolism only if the absolute blood flows are 
known. (For this purpose, it is obvious that any 
instrument that records only directional flow 
changes is of no value.) 





FEDERATION PROCEEDINGS 


Actually, even if all extra metabolic factors 
which might regulate cerebral flow were elimi- 
nated, an increased A-VO: would not necessarily 
indicate increased metabolism. An increased me- 
tabolism (tending to increase A-VO; difference) is 
associated with an increased elaboration of me- 
tabolites and the latter, particularly CO2, which 
is known to dilate the vascular bed, thereby in- 
creases the rate of blood flow and tends to decrease 
the A-VO, difference. Hence, an increased A-VOz 
difference will indicate an increased metabolism 
only if it can be demonstrated that the vasomotor 
response (dilation with increased blood flow) does 
not overcompensate the oxygen utilization in its 
effect on the A-VOz difference. 

The evaluation of changes in brain metabolism 
from measurements of arterial oxygen saturation 
must be placed in the same category. Although an 
observed decrease in oxygen saturation signifies a 
decreased amount of available oxygen per unit 
volume of blood, the rate of blood flow and venous 
oxygen saturation must also be known before the 
oxygen utilization (or metabolism) may be said 
to have decreased. 

The difference in A-VO; has also been used as an 
index of changes in cerebral blood flow. According 
to the interpretation of some investigators (21, 
22) changes in total cerebral flow are largely 
directed toward a maintenance of a constant CO, 
tension and pH of the brain cells and are not ad- 
justments to the nutritional requirements of the 
cells. The metabolic rate of the brain is thus 
regarded as being essentially constant and any 
significant change in A-VO, difference is the result 
of a change in cerebral blood flow (an increased 
A-VO, difference indicating vasoconstriction and 
reduced flow, a decreased A-VO, difference indi- 
cating dilatation and an increased flow). This view 
has apparently arisen from the experimental 
demonstration that alterations in arterial content 
of CO. and O: alter cerebral flow so that changes in 
the vasomotor state are indicated (23). There is 
ho more justification for this generalization than 
for the opposite view that changes in A-VO, 
difference reflect only changes in brain metabo- 
lism. Changes in blood flow and in A-VO, differ- 
ence must be measured simultaneously and in 
each circumstance before change in the latter 

tan be interpreted. 

It is our opinion that the use of A-VO> difference 
48 an index of brain metabolism or of change in 
cerebral flow has resulted in the accumulation of 
4 large amount of data which can be permitted 


only a limited interpretation, except in those few ‘ 


instances in which the significance of alterations 
in A-VO, difference has actually been determined 
by also measuring the blood flow. One must there- 
tore regard many of the experimental results as 
being an end in themselves since the interpreta- 
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tions accorded them will not have a basis in fact 
until adequate tests are available to validate 
what are now unwarranted assumptions. 

‘‘PLETHYSMOGRAPHIC’’ METHOD. Recently, Ferris 
(24) has advanced a method for the ‘‘objective 
measurement of a function of total intracranial 
blood flow in man’’. The rate of disp!acement of 
cerebrospinal fluid (CSF) through a large bore 
needle inserted into the lumbar subarachnoid 
space is measured when a special cuff about the 
subject’s neck is inflated to 60-80 mm. Hg. The 
bony craniovertebral covering is said to serve as 
a rigid enclosure within which the distention of 
the cerebral veins (incident to the inflation of 
the neck cuff) causes a comparable displacement 
of CSF through the lumbar needle. Hence, it was 
concluded that ‘‘if the CSF is allowed to flow out 
of the subarachnoid space during a period when 
venous outflow from the cranium has been halted, 
then the rate of CSF flow should represent the 
rate of arterial inflow to the cranium’’. Certain 
assumptions must be examined upon which the 
validity of this indirect method depends. 

Two of the more important assumptions, that 1, 
the craniovertebral cavity is a rigid container, 
and 2, venous outflow from the cranium is halted 
by this procedure, will be briefly considered. The 
cranial and vertebral bony covering (of the adult) 
is sufficiently indistensible to be considered rigid, 
thereby permitting the more general application 
of the Monroe-Kellie Doctrine. However, there 
are many distensible and compressible epidural 
spinal veins (cf. fig. 1). Hence the CSF displaced 
by venous distention in the cranium may not all 
be recovered from the spinal needle, since a vari- 
able portion may displace, by compression, an 
equivalent amount of blood from the epidural 
veins. One must therefore regard the natural 
craniovertebral ‘‘plethysmograph’’ as being not a 
rigid container but rather a somewhat distensible 
sac within a rigid container. 

Is the venous outflow from the cranium halted 
with cuff pressures of 60-80 mm. Hg? Ferris states 
that ‘leakage of intracranial blood past the cuff 
being assumed to be negligible, the forward flow 
of intracranial venous blood can be said to stop 
during the period of CSF displacement’’. This 
assumption (without published experimental 
verification) constitutes the most important basis 
for the validity of the method. There are reasons 
to believe that although the venous jugular flow 
beneath the pressure cuff may be temporarily 
halted, the venous outflow from the cranium is 
never stopped under these conditions. From the 
anatomical standpoint, the spinal veins which 
communicate superiorly with the basilar plexus 
and occipital sinuses, and inferiorly with the 
extravertebral veins, constitute a potentially 
large and variable pathway for a*drainage of 
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venous blood from the cranium. In addition, the 
internal jugular veins near their exit from the 
cranium communicate with the very sizeable 
common facial veins, anastomosing branches of 
the external jugular veins, a variable number of 
pharyngeal veins and, lower down, the superior 
thyroid veins. It is exceedingly unlikely that a 
pressure cuff of any design could be applied to 
the neck so as to completely occlude all of these 
communications. Hence it is highly probable that 
after inflation of the neck cuff intracranial venous 
pressure rises abruptly, but blood continues to 
leave the cranium, not only by way of the spinal 
veins, but also via the internal jugulars to progres- 
sively fill the much more distensible extracranial 
veins with which the internal jugulars communi- 
cate (cf. diagram). These unblocked intracranial 
and extracranial circuits function as two “‘ple- 
thysmographs”’ connected in parallel; the one has 
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tionship to each other, the measured rate of CSF 
outflow will bear no constant relationship to the 
rate of intracranial arterial inflow. There are a 
number of factors which may affect this relation- 
ship. Subjects will vary with respect to the size, 
potential volume and anatomical placement of the 
various extracranial veins emptying into the 
internal jugular vein. Even in the same subject, 
the degree of constriction and number of veins con- 
stricted may vary with the placement of the cuff 
about the neck. There is no reason to believe that 
the cervical veins, including the spinal veins which 
are anatomically protected from cuff compression, 
have similar carrying capdcities among different 
individuals. The resistance head to CSF displace- 
ment may vary with the effective diameter, 
length and other unknown resistance factors 
concerned with the intraspinal conduction of 
CSF. Hence, although the rate of CSF displace- 
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a fairly rigid covering and a sizeable “‘leak’’, 
the other a distensible covering. A given increment 
of intracranial venous blood will preferentially 
take such paths of low resistance rather than that 
of high resistance (intracranial venous distention 
with displacement of CSF against a considerable 
resistance head). Since the intracranial venous 
pressure is the common driving force in all in- 
stances, the rate of CSF displacement, the rate 
of outflow through the spinal veins and the rate 
of extracranial venous filling will vary inversely 
as their respective resistance heads. With so 
many avenues of escape for venous blood, even a 
complete occlusion of compressible veins in the 
neck can be considered “‘effective’’ only in the 
sense that it retards (by an unknown and un- 
doubtedly variable amount) venous outflow from 
the cranium. Obviously, unless the resistance 
heads of 1, [spinal vein outflow, extracranial ve- 
nous filling, venous escape beneath the pressure 
cuff] and 2, [CSF outflow] retain a constant rela- 


ment may be considered “‘a function of the rate 
of total intracranial blood flow’’, there is as yet 
no reason to believe that it is necessarily even a0 
approximately constant function of total arterial 
inflow. 

Even if the aforementioned assumptions wert 
valid, additional objections invalidate the a 
sumption that a fixed relationship between CSI 
outflow and cerebral arterial inflow has been & 
tablished. These have to do with the 1, resistant 
head to CSF displacement; 2, the distensibility 
of the intracranial vessels, and 3, the effect 0 
the cervical cuff upon arterial flow to the brail. 

In the measurement of cerebral blood flow by 
the so-called “natural plethysmograph”’ the CSI 
is displaced from the cranium and must travers 
or progressively displace fluid through the sub 
arachnoid space of the spinal canal, lumbar needle, 
and a portion of the recording apparatus. The 
resistance of the lumbar displacement needle bi 
been measured with respect to the rate of CSt 
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outflow (24) but the total frictional fluid resist- 
ance between the cranium and the recording 
apparatus has not been determined. Inasmuch as 
the CSF pressure is recorded from a needle only 1 
or 2 intervertebral spaces away from the lumbar 
displacement needle, the pressure recorded during 
CSF displacement represents the friction head of 
only a short section of the spinal canal, displace- 
ment needle, etc. It is not unlikely that the total 
frictional head opposing the free displacement of 
CSF from the cranium may be of considerable 
magnitude and may vary significantly from sub- 
ject to subject. 
The fact that CSF is displaced with venous com- 
pression in the neck must mean that the intra- 
cranial blood vessels (predominantly the veins) 
become distended. The distensibility of these 
structures is a matter of considerable importance. 
The veins within the cranium are supported in 
such a manner that they do not normally collapse 
or passively relax to any great extent. Hence, in 
the control state, the intracranial veins are al- 
ready of such diameter that a small increment of 
venous blood may distend them to their free limit. 
Ferris has demonstrated that in subjects with 
normally low CSF pressures, or in those whose 
pressures are artificially reduced (by withdrawing 
CSF), the CSF displacement rate and pressure 
response are less than those observed with sub- 
jects whose CSF pressure is normally higher or is 
artificially elevated. He suggests that, owing to 
the relatively low CSF pressure in those cases, the 
intracranial veins are initially distended and are 
incapable of appreciable further distention. In 
order to be certain that the veins are in a state of 
partial collapse during the application of the 
method, routine adjustment of the CSF pressure 
to 180-200 mm. H,0 (by addition of Ringer’s 
solution) is said to eliminate the poor flow and 
pressure responses. However, in 45 subjects with 
the lumbar displacement needle closed, compres- 
sion of the neck veins with 544 mm. H.O pressure 
caused the CSF pressure to rise to only 500 mm. 
H:O0 or less (variation 225-560) in 29 subjects 
(64%). This would indicate 1, a rather variable 
and in many instances poor transmission of intra- 
cranial venous pressure to the surrounding CSF 
even though the latter is still confined within the 
cranial cavity, or 2, the intracranial venous pres- 
sures does not consistently become elevated to 
the pressure level of the compression cuff (signifi- 
cant leaks by way of uncompressed veins?), or 
3, loss of pressure and CSF by displacement of 
blood in the epidural spinal veins. Hence, one 
‘annot be certain a, that the intracranial vessels 
have sufficient passive distensibility to be able 
‘o displace CSF at a rate equal to the arterial 
inflow over a period of 5-10 seconds, or b, that a 
variable amount of CSF will not be “lost”? in 
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compression of the spinal veins, or c, that the 
frictional resistance encountered in transit within 
the spinal subarachnoid space does not signifi- 
cantly limit the rate of CSF displacement. 

Ferris (24) states ‘‘That the application of ex- 
ternal pressure to an artery does not affect the 
flow through it until the former exceeds the inter- 
nal pressure is a well-known hydrodynamic fact.”’ 
Our concept of events is somewhat different. An 
artery will undergo changes in diameter with 
changes in distending pressure. It can easily be 
demonstrated that if an artery is distended by a 
mean pressure of 100 mm. Hg and is subjected to 
an external pressure of 80 mm. Hg, the artery will 
acquire a diameter equal to that of an uncom- 
pressed artery having only a distending pressure 
of 20 mm. Hg. It must follow that, according to 
Poiseuille’s law, the viscous retardation of flow 
will be increased and blood flow will be decreased. 
Hence, limitation of arterial blood flow to the 
brain by inflation of the neck cuff cannot be as- 
sumed to be negligible until actual measurements 
are made. The ‘‘effective arterial pressure head”’ 
must also be considered. Before the cuff is inflated, 
the effective arterial pressure head is equal to the 
systemic arterial pressure minus systemic venous 
pressure. Inflation of the cuff will ultimately (time 
of occurrence not known) decrease the effective 
pressure to a value equal to systemic arterial pres- 
sure minus the cuff pressure of 60-80 mm. Hg. It 
is not improbable that arterial inflow to the 
cranium is thereby significantly and rapidly re- 
duced. The immediate flow retarding effect of 
venous back pressure is evident even in the ple- 
thysmographic recording of blood flow to a limb in 
which instance, the veins are comparatively free 
to distend and venous pressure to rise more 
slowly (25). 

Thus far, the validity of the flow method has 
been examined with respect to the justification of 
various assumptions attendant to the method. 
For the present, many of the assumptions must 
be considered unjustified. The method may also 
be examined on an empirical basis, i.e., do the 
results with this method agree with those found by 
other methods? 

Although the proponents of this method hold 
the belief that the inherent errors are slight, the 
average rates of CSF displacement (125-150 cc./ 
min.) are thought to represent ‘‘actual rates of 
intracranial blood flow not in excess of 250-400 
cc./min.’’. The reason for the correction factor is 
not given. If the latter figures are accepted as the 
normal flow range, the blood flow to an average 
1500 gm. brain would be only 0.167-0.267 cc./min., 
figures which contrast markedly with 0.85 cc./ 
gm./min. found for the monkey by Dumke and 
Schmidt (7). Until the actual intracranial blood 
flow can be determined simultaneously by an 
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adequate method, the rate of CSF outflow can- 
not be considered to have any proportionate con- 
stant relationship to the undisturbed intracranial 
flow which exists prior to the creation of abnormal 
pressure gradients necessary for the operation of 
the method. 

Regardless of the magnitude of error in the 
quantitative use of the method, changes in the 
rate of CSF outflow are reported to indicate the 
same directional change in intracranial flow as 
those observed with the use of other methods. 
Both with the thermoelectric method of Gibbs 
and this method hyperventilation and CQ: in- 
halation cause a decrease and an increase re- 
spectively in cerebral blood flow. Ferris (24) ob- 
served that elevating CSF pressure from a value of 
200 to 350 mm. H.O decreased the rate of CSF 
displacement 35-40%. However, Wolff and Blum- 
gart (26) present evidence that, in cats, elevation 
of CSF pressure to 748 mm. H,O causes little if 
any decrease in intracranial velocity of blood flow 
and further suggest that compensatory dilatation 
of the intracranial vessels probably makes even 
less likely any significant decrease in minute 
volume flow. It is not unlikely that elevation of 
the CSF reservoir in the method used by Ferris 
merely adds that much more hydrostatic pressure 
to the resistance head against which CSF is dis- 
placed, thereby decreasing the rate of outflow. 

The cranivertebral plethysmographic method of 
Ferris is an ingenious approach to the difficult 
problem of determining total intracranial blood 
flow. In spite of its advantages as an indirect 
method, it also requires, in common with all other 
indirect methods, the necessary proof of its abil- 
ity to indicate correctly the actual occurrences. 
Until more experimental tests and ds 1 reveal 
the operative mechanism of the method, . -< inter- 
pretation of results cannot be considered to have a 
sound hydrodynamic basis. 

Summary. A limited number of representative 
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methods and devices, available for determining 
blood flow, have been discussed above. With the 
exception of perfusion experiments, all of the pro- 
cedures have involved making observations from 
which the magnitude of, or directional changes 
in blood flow are determined only indirectly. 
In order that any direct method be considered 
valid, it is necessary that 1, the available quantity 
actually measured varies in constant relationship 
to the unavailable and unknown quantity being 
measured indirectly; 2, other variables which 
change spontaneously or are induced by the pro- 
cedure do not modify this relationship. Since 
most indirect methods are used without exhaustive 
verification that these requirements are met, it 
becomes necessary that the investigator make 
several assumptions, some of which have been 
stated, others implied. Unless all of the assump- 
tions are based upon tested and uniformly ac- 
cepted relationships, the results and conclusions 
drawn will be open to question. The significance of 
any interpretation will therefore vary with the 
number and validity of the assumptions required 
in the application of any indirect method. In 
instances, unwarranted assumptions have been 
made in spite of adequate available tests to de- 
termine their validity. 

It is obvious that without thorough knowledge 
of the principles and mechanisms by which any 
method operates, one cannot accept it as being 
theoretically adequate under any condition. A 
method or procedure too often acquires the un- 
earned stamp of “validity”? merely because the 
early results were shown to be the same as those 
obtained by other tested or untested methods. 
It is hoped that future tests and experiments will 
establish both physically and physiologically 
sound bases for many of the present indirect 
methods so that the results obtained may be a¢- 
corded equally sound interpretations. 
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CEREBRAL CIRCULATION—INTRINSIC CONTROL AND CLINICAL 
PHENOMENA 


STANLEY COBB anp WILLIAM G. LENNOX 
Harvard Medical School, Boston 


In the organism of man there are two main in- 
tegrating mechanisms: The blood stream and the 
nervous system; together they reach every living 
organ. Between these two integrators there is a 
reciprocal relation: the nervous system is depend- 
ent for its life upon the blood supply and the 
maintenance of blood supply depends upon a 
normally functioning central nervous system, 
which has vasomotor control represented at vari- 
ous levels, e.g., cortex, hypothalamus, hindbrain 
and spinal cord. 

The control of cerebral circulation can be di- 
vided into extrinsic (extracerebral) and intrinsic 
(cerebral). The extrinsic factors are the reflex arcs 
from special receptors that work through the 
hind-brain nuclei. First there is the carotid reflex 
zone containing receptors through which chemical 
and pressure stimuli are transmitted over the 
glossopharyngeal nerve to centres in the hind- 
brain. As Weiss expressed it, the carotid sinus 
‘fs placed at the point of entrance of the arterial 
column into the brain, a vital organ most sensitive 
to fluctuations in the circulation, in order to main- 
tain a constant supply at an optimal pressure.”’ 
Other pressure-sensitive receptors are located in 
the aortic arch, in the heart, and in pulmonary 
artery, vena cava and splenic artery; these send 
impulses to the medulla oblongata to control re- 
flexly circulation via the vagus nerve or spinal 
cord and spinal nerves. Last, and perhaps most 
important of all, is the effect of the carbon dioxide 
and oxygen content of the blood upon the vaso- 
dilator and vasoconstrictor centres in the hind- 
brain. The function of all these reflex arcs is to 
maintain not only an adequate and relatively 
constant blood supply to the brain, but one which 
contains the necessary chemical constituents. 
Other important extrinsic factors are the resist- 
ance of the arterioles throughout the body, the 
amount of venous blood returned to the heart and 


the condition of the heart muscle. In fact systemic 


. arterial pressure is by far the most important 


single item in controlling cerebral blood flow. 

Intrinsic or cerebral control. Although passive 
changes in the size of the cerebral vessels are often 
caused by changes in systemic blood pressure, 
changes in caliber due to change in muscular ten- 
sion of the arterial walls may overcome moderate 
or gradual fluctuations in pressure. Such changes 
must be due to muscular activity. When active 
changes occur, one usually finds arterial constric- 
tion following a rise in blood pressure and dilata- 
tion following a fall. 

Active changes in caliber may result from a 
number of stimuli. The simplest is perhaps direct 
trauma to the walls of the vessels. This has been 
seen by Florey (1) and others, and is always patho- 
logical. 

Changes in the chemical composition of arterial 
blood cause important alterations of cerebral 
blood flow. In animals observations have been by 
means of windows placed in the skull, flow re- 
corders placed in the brain and perfusion experi- 
ments. In man, evidence has been gathered from 
inspection of retinal vessels, measurement of 
spinal fluid pressure, including the plethysmo- 
graph method of Ferris, a thermoelectric flow 
recorder place in an internal jugular vein, and 
measurements of cerebral arteriovenous oxygen 
differences. Authors using different material and 
procedures agree with the observations of Wolff 
and Lennox (2), and Lennox and Gibbs (3) that 
increase in arterial carbon dioxide causes profound 
dilatation of cerebral arterioles with increase in the 
speed and volume of cerebral blood flow. Reduc- 
tion of arterial CO, has the opposite effect. What 
is most significant, the effects are specific for 
cerebral vessels, the circulation of the extremities 
tending to decrease as that of the cerebrum in- 
creases. Alterations of pH produce effects that 
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parallel those of CO; tension. The relative signifi- 
cance of these two constituents has not been de- 
termined. The effect of changes of arterial oxygen 
are relatively mild and in the opposite direction 
to changes induced by carbon dioxide. Anoxemia 
causes some dilation of cerebral vessels and in- 
crease of blood flow in spite of the cerebral vaso- 
constricting effect of the loss of COz due to the 
accompanying hyperpnea. Breathing of oxygen 
causes mild vasoconstriction. With severe anox- 
emia the addition of carbon dioxide to the inhaled 
mixture improves cerebral blood flow and post- 
pones loss of consciousness. Alterations of arterial 
glucose do not greatly effect the cerebral circula- 
tion unless hypoglycemia is profound enough to 
impair cerebral function as shown by loss of con- 
sciousness. During the coma of insulin shock, the 
reported decrease in the A-V oxygen difference is 
possibly a result of increased blood flow although 
this point has not been adequately studied by 
actual blood flow measurements. 

“‘Total’’ arrest of cerebral blood flow has been 
maintained in man for one hundred seconds with- 
out ill effect (4). Asphyxia of the tissues of the 
vessel wall due to slow blood flow (termed by Van 
Slyke “stagnant anoxia’’) is an important mech- 
anism causing dilatation. This condition in the 
brain may result from general or local causes, viz. 
anything that causes low arterial pressure or high 
intracranial and venous pressure. Partial com- 
pensation for the slowing of blood flow is thus 
established. The dilatation is probably due to an 
asphyxial effect on the arterial walls, not to a 
nerve reflex, for it is unaffected by cocaine or by 
atropine applied locally to the vessels. If the vaso- 
dilatation is due to a fall in arterial pressure, it 
will be seen that when the blood pressure rises 
again, the relaxed walls dilate still further 
for a few seconds; then (while the pressure is still 
rising) constriction steadily takes place as the 
asphyxial condition is relieved by the improved 
flow. 

Vasoconstriction due to innervation. It was long 
believed that there was no innervation of the 
cerebral arteries by sympathetic vasoconstrictor 
nerves. This belief was generally held, in spite 
of some early observations by Wiggers (5) and 
others, until Forbes (6) and his co-workers con- 
clusively proved the presence of vasomotor nerves 
in 1928. This was done by use of a cranial window 
and microscope. The changing diameters of ves- 
sels in the pia-arachnoid over the parietal cortex 
were observed and recorded. For this work they 
used mostly cats,a few dogs and several monkeys. 
Their findings may be summarized as follows: 

In more than 300 animals stimulation of the cer- 


vical sympathetic nerve has resulted consistently . 


in constriction of arteries in the pia. The sympa- 
thetic fibers responsible for the reaction were 
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found to pass through the middle ear in close 
association with the carotico-tympanic nerves 
which serve as pathways for the sympathetic 
impulses that dilate the pupils. Sympathetic nerve 
fibers via the stellate ganglion and vertebral 
nerves exercise no influence on pial arteries of the 
parietal region. 

Forbes (7) says that: ‘“The chief characteristics 
of this arterial constriction are as follows: 

*1. It is strictly ipsilateral, that is, the vaso- 
constriction occurs only on the same side of the 
head as the nerve stimulated. No exceptions to 
this rule have been observed. 

**2. It appears to be independent of changes in 














































systemic arterial pressure, since it takes place C 
when the latter is rising, is falling, or is constant. 0 
“3. It occurs even when the greater part of the n 
extracranial circulation is eliminated by clamping h 
one or both external carotid arteries. i 
“4, It occurs in the completely isolated head, p 
perfused through the carotid arteries of another tr 
animal. This fact as well as its unilateral character e3 
show definitely that humoral substances are not th 
responsible for the reaction. th 
“5. It is abolished by the previous application ar 
of cocaine, novocaine, or ergotamine locally to the th 
pial arteries under observation. Such procedures ev 
would be expected to inactivate nerve elements flo 
in the walls of these vessels. The action of ergot- is 
amine confirms the fact that the nerves involved or 
are of sympathetic origin. art 
“6. It has been observed consistently only with ves 
arteries larger than 50 microns in diameter. With tail 
the smaller arterioles and capillaries no consistent y 
change in caliber has been seen. It is interesting tion 
that Penfield found histological evidence of nerve firs: 
fibers only on arteries above this size. con 
“7. The amount of constriction is small—an thec 
average narrowing of only eight per cent has been tion 
observed. caus 
“8. Compared with the vasoconstriction ob- cort 
served in other organs, that in the brain is slight. Side 
When the cervical sympathetic nerve is stimu- Worl 
lated, arteries in the skin constrict ten times a8 Chor 
much as those in the pia and in the dura the ar- pass 
teries constrict almost eight times as much.”’ f gang 
When the cervical sympathetic trunk was cut to th 
and the superior cervical ganglion removed, arter 
Forbes saw no subsequent dilatation of the pial the f; 
arteries that he was watching under the window. 9% Prom 
But early experiments of Talbott, Wolff and Cobb J Pariet 
(8) showed that capillary counts were greater il in log 
vitally injected brains, i.e. more capillaries re Vas 
ceived the injected fluid, in the hemisphere 00 § When ; 
whose side the sympathetic nerve was cut than in and ; 
the opposite normal control side. Period 
When cocaine is injected intravenously there 8 ## 't has 
no evidence of increased sensitivity of the sym i Pressy 
pathetic vasoconstrictor reaction in the pia, such # Pial ar 
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as Rosenblueth and Cannon have found elsewhere. 
No increased sensitivity of the arteries follows 
denervation. When the superior cervical and 
stellate ganglia are removed and suitable time is 
allowed for degeneration of the nerve endings, 
adrenalin applied locally to the pial arteries 
causes no greater constriction than it does in the 
normal animal. 

The venules in the pia constrict as much as or 
more than the small arteries when adrenalin is 
applied locally. Moreover, the venules sometimes 
constrict in response to stimulation of the cervical 
sympathetic nerve. 

Schmidt using a thermoelectric flow recorder 
obtained evidence of retarded flow on stimulation 
of the cervical sympathetic nerve. This effect was 
noticeable chiefly in the parietal cortex, less in the 
hypothalamus and practically not at all in the 
medulla. The change in flow appeared to be inde- 
pendent of changes in blood pressure, but the ex- 
tracranial circulation was not excluded in his 
experiments. Bouckaert and Jourdan (9), using 
three different methods, attempted to eliminate 
the extracranial circulation by a radical operation, 
and perfused the isolated head. On stimulation of 
the cervical sympathetic nerve they obtained 
evidence of vascular constriction and a reduced 
flow through the tissues receiving the blood, but it 
is by no means certain that the brain was solely 
or predominantly concerned (see the preceding 
articles by Schmidt and by Batson). Many in- 
vestigators using perfusion experiments have ob- 
tained similar results. 

Vasodilatation due to parasympathetic innerva- 
tion. Evidence of a vasodilator innervation was 
first obtained in a joint experiment with Penfield 
conducted in Cobb’s laboratory (7). On a sympa- 
thectomized monkey: it was shown that stimula- 
tion of the facial nerve near the medulla oblongata 
caused dilatation of pial arteries in the parietal 
cortex. This reaction occurred only on the same 
side of the head as the nerve stimulated. Later 
work corroborated this and added new facts. 
Chorobski and Penfield showed that nerve fibers 
pass from the facial nerve through the geniculate 

f ganglion and the great superficial petrosal nerve 
to the carotid nerve ascending the internal carotid 
artery. Experiments proved that stimulation of 
the facial nerve at the geniculate ganglion causes 
Prompt dilatation of the arteries in the pia of the 
parietal region. This reaction is always ipsilateral 
in location, 

Vasodilatation is significant only if it occurs 
when the blood pressure is normal at the beginning 
and remains nearly constant throughout the 
Period of stimulation. This is important because 
It has been found that if the systemic arterial 
Pressure falls below a certain critical level the 
pial arteries always dilate as a consequence of the 
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retarded blood flow. Local applications of cocaine 
and of atropine abolish the neurogenic dilatation, 
though they have no effect on the dilatation due 
to low blood pressure. Ergotamine (locally) does 
not affect the reactions. 

In regard to the functional importance of the 
cerebral vasomotor mechanism the evidence at 
hand warrants only a few suggestions. Since it is 
more effective in some parts of the brain than in 
others it may aid in diverting the blood from one 
region to another; it may help arteries to regain 
their normal caliber, as after extreme dilatation, 
and it may limit undesirable fluctuations and thus 
aid in maintaining a steady rate of flow through 
the brain. But there is no evidence from experi- 
mental work to show that it can cause the ar- 
teries to shut down sufficiently to bring about 
ischemia. 

Local increase of blood flow with increase of nerv- 
_ous function. It is a general rule that the organs of 
the body, when in active function, have more blood 
flowing through them than when at rest. In order 
to find out whether this was true also in the brain, 
Cobb and Talbott (10) in 1927 madeexperiments 
on cats which were intravitally injected with 
Berlin blue, while inhaling a strong-smelling gas 
and secondly while inhaling air as a control. In 
the cats in which the olfactory nerves were stimu- 
lated, the olfactory bulbs showed 55 per cent more 
injected capillarigs than in the controls. In other 
words, the evidence indicated that there was more 
blood flow to an area in the brain where stimula- 
tion was causing increased neuronal activity. In 
1937 Gerard (11) found local temperature changes 
indicated increased blood flow in the visual areas 
of the brain after stimulating the eye with light, 
He also found an increased blood flow in the ol- 
factory area after inhalation of ammonia and in 
the sensory area after massaging the paw of a 
cat. Using a similar method, Schmidt in 1936 (12) 
found areas on the mesial aspects of the occipital 
lobe where increased blood flow followed stimula- 
tion of the retina. He believes that this change is 
due to the activity of the nerve cells and that the 
mechanism causing the vasodilatation is not neu- 
ral but chemical. The most probable explanation is 
that the active nerve cells produce locally in- 
creased concentrations of carbon dioxide which 
acts as a vasodilator. 

Cerebral circulation and the electroencephalo- 
graph. The electrical activity of the-brain which 
can be recorded by means of the electroencephalo- 
graph arises from discharging cortical neurons. 
Apparently contraction or expansion of the 
musculature of the cerebral arterioles plays no 
part in this cortical activity; for instance over- 
ventilation, which causes constriction of these 
arteries, does not produce the very fast waves 
which accompany muscular contractions. 
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The brain waves are radically altered by changes 
in the chemical composition of the blood which 
traverses the brain. Circulatory changes are usu- 
ally of secondary rather than of primary import- 
ance. Thus, changes in circulation due to extrin- 
sic causes which are not extensive enough to 
threaten consciousness have relatively little influ- 
ence on brain waves. Increase or decrease of sys- 
temic blood pressure, or alteration of heart rate 
with consequent alteration of the cerebral blood 
flow, have not been shown to influence brain 
waves. The cerebral circulatory changes may re- 
flect an effort to protect the brain against too great 
alteration of blood flowing through it. 

An example of this is the pronounced slowing of 
brain waves which occurs with overventilation of 
the lungs. Such overventilation causes constric- 
tion of cerebral arterioles and pronouncedslowing 
of blood flow. Davis (13) has blamed the resulting 
cerebral anoxia for the cortical bradyrhythmia. 
Gibbs and associates (14) on the other hand, cor- 
relate the slowing with the reduced carbon dioxide 
tension of the brain. Their observations, backed 
by measurement of the cerebral A-V oxygenand 
carbon dioxide differences on unanesthetized hu- 
man subjects, indicate that the high voltage slow 
waves of the E.E.G. occur in persons whose 
cerebral arterioles fail to constrict with over- 
ventilation. Constriction prevents the CO. from 
falling as much in the vein as it goes in the artery 
and hence maintains a relatively steady level of 
CO, in the capillaries and in the brain cells. A 
steady level of CO, appears to be of more import- 
ance than a steady level of oxygen or of sugar in 
the maintenance of normal brain waves. This 
conclusion is further strengthened by the fact that 
if subjects breathe air containing only four per 
cent of oxygen brain waves are slowed. But if 
carbon dioxide is added to the mixture, the fre- 
quency of the brain waves becomes normal in 
spite of the profound anoxemia (14). 

The question of clinical arteriospasm in the brain. 
Spasm of the cerebral arteries or arterioles has 
been rarely observed in laboratory animals and 
man. In 1859 Kussmaul and Tenner reported that 
convulsions could be produced in rabbits by elec- 
tric stimulation of the cervical sympathetic nerve. 
This experiment has been repeated innumerable 
times since then but only occasionally have the 
rabbits showed a convulsive reaction. Schmidt (15) 
has shown that stimulation of the cervical sympa- 
thetic nerve in the rabbit may cause dyspnoea and 
extensor muscular spasm but he emphasizes that 
this excessive activity only occurs under abnormal 
conditions and points out that it may depend on 
contraction of the internal carotid outside the 
skull. The observation, however, started much 
speculation as to the réle of the cerebral artery 
spasm in the production of brief neurological 
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symptoms. A few observers have seen obliterating 
vasoconstriction in laboratory animals but these 















































were under distinctly pathological conditions, a 
Under any experimental conditions that ap- n 
proached normal the cerebral vessels have shown b 
only slight contraction when the vessels of the cl 
skin of the ear, for example, would show marked ee 
constriction. Nevertheless it has been established Ww 
that there is a vasoconstrictor innervation of the by 
cerebral vessels, and this leaves the possibility re 
that under abnormal conditions there may be cere- st: 
bral vascular spasm sufficient to cause symptoms. la 
A few cases of epilepsy that showed marked an 
vasomotor symptoms have been relieved by ro! 
sympathetic denervation of the cerebral arteries, ep 
but there have been many more negative results a 
from these operations than positive. There are sin 
some well documented cases where patients with epi 
Raynaud’s disease of the extremities have shown ( 
convulsions during attacks of vascular spasm epi 
which were visible in the hands or feet. The sup- slo 
position is that there is also vascular spasm of the ind 
brain. jug 
Although proof is lacking there is enough clini- par 
cal evidence to justify the suspicion that cerebral blo 
vascular spasm occasionally occurs in man, caus- dur 
ing short periods of convulsions, hemianopsia, sing 
aphasia, paralysis, confusion, and the like. cast 
Syncope. Syncope from cerebral anemia is di- tion 
rectly due to extracerebral causes, a primary dila- con 
tation of peripheral capillaries or veins, with arg 
pooling of blood in them and consequent cerebral spas 
anemia. However, as in many other extrinsic situa- Ir 
tions, the primary dysfunction of the autonomic Pen 
nervous system has its representation within the look 
brain. The loss of consciousness is accompanied by in a 
an abrupt fall of cerebral blood flow and the 0: most 
saturation of blood leaving the brain becomes less of co 
than 30 per cent (Lennox and Gibbs 16). CO, 
An additional mechanism is present in patients in th 
with an irritable carotid sinus. The paper by Fer- than 
ris, Capps and Weiss (17) in 1935 divides the reac- studi 
tion to pressure on the sinus into three types thror 
according to the physiological mechanism: the cereb 
vagal type caused by standstill of the heart, the the | 
depressor type caused by general vasodilatation, neur 
and the cerebral type probably due to ‘‘cerebral J anda 
vasomotor changes or reflex influences on certail blood 
brain centers.’’ Weiss apparently believed that do no 
‘Jocalized areas exist in the brain for the regula- arterj 
tion of the conscious state’ that may be likened accon 
to the “respiratory center.’’ With this we do not Cer 
agree, believing that consciousness is represented lepsy,, 
at several levels of the central nervous system, sympt 
and that it is not a matter of one’s being ‘‘col- #% Cereb: 
scious” or “‘unconscious,’”’ but of being either B® Pain | 
more or less aware of the environment. Attacks 9 heart 
of the cerebral type oftentimes suggest hysteris. J hemip 
This group of cases in whom no failure of circuls 3% %sum 
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tion is observable might be explained by vaso- 
constriction in the brain, but the evidence is 
against this. In the first place the loss of conscious- 
ness comes on too suddenly to be readily explained 
by such a mechanism, and secondly, there is no 
change in total cerebral blood flow as judged by 
cerebral arteriovenous oxygen differences. Since 
we do not believe that consciousness is controlled 
by centers which can be switched on and off by 
reflexes, the remaining possibility seems to be that 
stimuli from local areas of ischemia, or from stimu- 
lation of end organs in the carotid sinus, heart 
and great vessels, may induce discharges of neu- 
rons in the cerebral cortex which spread like the 
epileptic discharge and blot out consciousness in 
a few seconds. The similarity of the carotid 
sinus syndrome described by Weiss to a mild 
epileptic fit may be striking. 

Cerebral circulation and epilepsy. Spontaneous 
epileptic seizures in man are not preceded by 
slowing of the total circulation of the brain as 
indicated by a flow recorder placed in an internal 
jugular vein (18). A greatly increased flow accom- 
panies the convulsion as a result of the increased 
blood pressure, but there is no change in flow 
during petit mal. The possibility of spasm of a 
single or of a few arterioles in certain special 
cases has not been excluded, though demonstra- 
tion in epilepsy of intermittent or, in some cases, 
continuous and generalized cortical dysrhythmia 
argues against an occasional localized arterial 
spasm. 

In direct observations of the human cortex, 
Penfield (19) observed the phenomenon of arterial- 
looking blood leaving the site of the brain involved 
in a focal discharge. This might be explained 
most readily by assuming that the excess activity 
of cortical cells caused an increased local supply of 
CO: which caused dilatation of cerebral arterioles 
in that area; such effect would be a result rather 
than a cause of the seizures. Penfield’s histological 
studies of traumatic epilepsy convince him that 
thrombosis of small vessels at the periphery of a 
cerebral lesion may cause progressive extension of 
the lesion and result in abnormally functioning 
neurons and seizure discharges. Studies by Nims 
and associates (20) of arterial and internal jugular 
blood suggest that patients subject to petit mal 
do not have normal chemical control of cerebral 
arterioles. Overventilation in such patients is not 
accompanied by prompt constriction. 

Cerebral circulation and migraine. Unlike epi- 
lepsy, attacks of migraine are accompanied by 
symptoms which strongly suggest involvement of 
cerebral vessels—pallor or flushing of the face, 
pain which may throb synchronously with the 
heart beat, transient scotoma, hemianopsia, 
hemiparesis and parasthesia. Most clinicians have 
assumed that the pain was due to constriction of 
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arteries of the head. Lennox and his associates in 
analyzing the relief of pain from use of ergotamine 
tartrate, which causes constriction of cranial 
vessels, suggested that pain was associated with 
undue relaxation of arteries. This explanation has 
had experimental proof at the hands of Wolff (21) 
and his associates. They attribute cranial pain to 
a dilatation of branches of the external carotid 
and cerebral symptoms such as hemianopsia and 
hemiparesis to constriction of arteries in the brain. 
This last explanation rests on the observation of 
relief of visual disturbance by inhalation of the 
dilator drug, amy] nitrite. Milder vaso-constrictor 
effects are secured also by ingestion of caffeine 

and inhalation of oxygen. Because ergotamine — 
tartrate stops the symptoms attributed by Wolff 
to constriction, this drug must have a differential 
effect on branches of the external and the internal 
carotid arteries. In rare instances, persons subject 
to prolonged migraine have suffered neurological 
damage as a result of thrombosis of cerebral or 
retinal vessels, apparently the sequelae of a 
spasm of these vessels. The whole phenomenon of 
migraine is closely related to the sympathetic 
nervous system but interruption of nerve supply 
to cranial vessels is only occasionally beneficial. 

Hypertension. Many authors have pointed out 
that emotional stress may cause hypertension. 
This is obvious in the case of the transient eleva- 
tions of blood-pressure observed in persons who 
are scared or angry. The mechanism is probably 
that described by Cannon as a sympathetic dis- 
charge preparing the organism for flight or fight. 
It is not known, however, that this sort of reaction 
has anything to do with the disease known as 
“essential hypertension ;’’ this is an easy assump- 
tion, but it entirely lacks proof. In fact one could 
argue that the persons with labile blood-pressure 
are just the ones who do not develop the perma- 
nent and incapacitating ‘‘essential’’ hyperten- 
sions. The cerebral circulation probably plays no 
réle in either of these conditions; in the ‘‘essen- 
tial’’ cases the circulation of the kidneys is im- 
paired. Patients with hypertension examined by 
Williams and Lennox (22) had a slightly increased 
cerebral A-V oxygen difference, indicating that 
cerebral vessels participated in the vasoconstric- 
tion. 

Cerebral hemorrhage. Frank bleeding into the 
brain from an artery or vein is related largely to 
lesions of the vessel walls from sclerosis, infection 
or trauma. The dynamics of the cerebral circula- 
tion must play a réle, especially in locating the 
lesion, because pressure is higher, for example, in 
small arteries that arise from large trunks, and at 
the points of branching, than in equally small 
arteries farther out on the tree. There is also the 
factor of how well the arterial wall is supported by 
surrounding tissue, and at what pressure. The 
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theory that gross cerebral hemorrhage takes place 
only from vessels that lie in softened brain sub- 
stances is not only unproven but unreasonable. 
If partial softening of brain substance did take 
place about arteries, the fluid and soft brain would 
surround the vessel at a pressure practically as 
great as that of the normal brain, i.e., 150 mm. of 
water, whereas the pressure within the artery 
would be about 1500 mm. of water. It is apparent 
that what keeps the blood from bursting out is not 
the support of the surrounding brain or fluid, but 
the elastic and muscular coats of the artery wall. 
Hemorrhage from veins is a different story. The 
blood within them is at a low pressure, only 
slightly above cerebrospinal fluid pressure, so 
changes in the latter, from whatever cause, may 
increase or decrease the likelihood of continued 
venous hemorrhage. The formation of subdural 
clots which slowly increase in size is a case in 
point. There is the general rise in intracranial and 
venous pressure along with the local changes in 
osmotic relations at the site of the clot. 
Encephalomalacia. ‘‘Cerebral softening’ and 
“cerebral hemorrhage’ are not such distinct 
entities as one usually supposes. Probably all in- 
farets of the brain, severe enough to cause soften- 
ing, are accompanied by some extravasation of red 
blood cells. Just when this capillary extravasa- 
tion becomes worthy of the name hemorrhage is 
an unsettled question, but most of the perivascu- 
lar “‘ring-hemorrhages’’ of the brain are of this 
type. Infarcts in other organs begin by being red 
or hemorrhagic, later they become white or 
anemic. Chase in his experiments with mesenteric 
emboli shows that red areas develop by diapedesis 
of erythrocytes from dilated capillaries and ven- 
ules beyond arteriolar constrictions. Greenfield 
believes that cortical infarcts are originally always 
red and infarcts of white matter are white, both in 
the cerebrum and cerebellum. He has demon- 
strated that 24 hours after ligation of a cerebral 
artery there was red infarction of the cortex with 
neighboring white infarction of the white matter. 
This means that there is little anastomosis in the 
white matter, but enough in the gray to make 
blood flow from normal areas into the anoxic and 
dilated capillaries of the infarcted area. It is 
probable that at least one-twentieth of the nor- 
mal blood supply of an area must reach it after 
infarction to cause diapedesis and “red in- 
farction.’’ Evans thinks the varying degree and 
the varying suddenness of oxygen deprivation is 
more important: red infarction takes place when 
circulation is merely slowed; complete sudden 
occlusion leads to white necrosis and cyst forma- 
tion. Tureen’s experiments on the spinal cord 
demonstrate that fifteen minutes of occlusion of 
the aorta will cause lesions of spinal nerve cells. 
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In the brain 3 minutes and 25 seconds of anemia 
will cause necrosis of cortical cells (4). 

Ricker (23) believed that the nervous control of 
the vessels played an important part in causing 
cerebral lesions, such as small focal softenings, 
but Forbes’ demonstration that in normal brains 
the control is but slight as compared to other 
organs makes this unlikely. It is probable, how- 
ever, that in scars and sclerotic or otherwise 
diseased areas, stimulation by vasomotor nerves 
may be abnormal and might cause occluding 
spasms of the vessels and foci of necrosis. 

Trauma. There are some strong proponents of 
the theory that vasoparalysis quickly follows a 
blow to the head and causes many of the phe- 
nomena that result therefrom (24). This certainly 
cannot account for the ioss of consciousness, 
which takes place instantly, since unconscious- 
ness from stopping the cerebral blood flow takes 
from 5 to 7 seconds. A blow, however, might cause 
vascular paralysis with dilatation of the small 
vessels, stasis, relative anoxia and extravasation 
of fluid and erythrocytes. Such a series of events 
could well explain the perivascular hemorrhages 
and edema seen in microscopical sections from 
brains which had suffered a contusion. More 
severe injury might add laceration to this picture, 
with ruptured vessels and obvious hemorrhage. 
The small arteries might stop bleeding because of 
the local spasm following direct trauma seen by 
many investigators; the veins would probably 
clot during the stasis caused by rising intracranial 
pressure. 

The main question is, however, does a blow to 
the skull cause vasoparalysis, and, if so, how! 
Knocking out the rather weak vasomotor innerva- 
tion would not seem likely to cause significant 
dilatation. It seems more probable that stasis from 
other causes sets up the chemical asphyxial reac- 
tions that make the vessels dilate and exude 
plasma and cells. 

Aside from the hemorrhages and edema seen st 
autopsy, no circulatory phenomena are known t0 
be especially related to cerebral injury except the 
increase in venous outflow noted by Denny-Brow 
(25). This is probably the result of vasodilatation, 
but what causes the dilatation is not know),, 
although it might come partly from vagal stimuls 
tion (7). Of course when there is enough local 
injury by contusion to cause swelling, the intr 
cranial pressure rises and the venous pressure must 
rise to a slightly higher level in order to keep 
blood flowing out of the cranial cavity. This 
accommodation is easily made until the cerebro 
spinal fluid pressure reaches*a level approximst- 
ing arterial pressure. Then a re-adjustment uP 
wards is made and the Cushing phenomenon (2) 
appears. In clinical practice, however, this # 
rarely seen except where rapidly expanding le 
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sions raise the pressure 800 or 900 mm. of water in 
a few hours. 

Vasconstrictor and vasodilator drugs. Except for 
the work with epinephrine the action of drugs on 
the vessels of the brain has been little studied by 
reliable and well controlled methods. Schmidt 
(15) reports observations both by the thermo- 
couple-blood-flow technique for recording local 
changes of flow in brain tissue, and by the 
“thermostromuhr”’ on the carotid artery for es- 
timating total blood flow through the brain. 
Nitroglycerine is an effective local and general 
dilator, histamine is irregular in its effect, but 
usually dilates, ergotamine is the only local con- 
strictor. It acts slowly and only in large doses, but 
causes no decrease in total blood flow. Pool, 
Nason and Forbes, observing living vessels under 
the microscope, saw the vessels of the dura con- 
tract regularly 20 to 35 per cent of their diameter 
after intravenous injection of epinephrine, pitres- 
sin and ergotamine. In the arteries of the pia the 
effect was usually a slight dilatation. Thomas has 
shown that alcohol dilates cerebral vessels con- 
spicuously. In some of the experiments the sudden 
and marked fall in blood pressure may have caused 
the vasodilatation, subsequent work oi Forbes 
having shown that a drop in blood pressure to,a 
critical level causes dilatation of vessels, no 
matter what the cause of the fall. 

Other experiments have shown that narcotic 
drugs usually cause vasodilation of cerebral ar- 
teries (ether, chloroform, amytal, phenobarbital). 
Morphine had little or no effect upon the vessels 
unless the blood pressure fell sharply and then 
there was slight dilatation. Avertin, however, 
regularly caused a distinct vasoconstriction in 
spite of the fall in blood pressure. The convulsant 
drugs had varied effects upon the vessels. Caffeine 
in large doses caused convulsions with vasocon- 
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striction; absinth in small doses caused constric- 
tion of the pial arteries, in larger doses, dilatation; 
homocamfin and picrotoxin usually made the ar- 
tery constrict slightly, while camphor monobro- 
mate caused dilatation before the convulsion. 

The foregoing observations were made in ani- 
mals. In man, Gibbs, Gibbs and Lennox (27) using 
a thermo-electric flow recorder in an internal 
jugular vein and measuring cerebral A-V oxygen 
differences, found amy] nitrite, histamine, ether, 
adrenaline and ergotamine caused an increased 
flow, only the last two due to increased blood pres- 
sure; the decreased flow with caffeine was perhaps 
due to stimulation of respiration. Sedative drugs 
producing sleep, as well as normal and narcolep- 
tic sleep, caused no noticeable change of blood 
flow if the blood pressure remained steady. The 
ideal drug to counteract cerebral ischaemia would 
be one which dilates cerebral vessels and raises 
blood pressure. Carbon dioxide most nearly comes 
up to these specifications and should be tried 
clinically. Among vasodilator drugs the xanthines 
(especially theophylline) seem most suitable. 
Schmidt has used nitroglycerine and acetyl-B- 
methylcholin with beneficial effects for the Cheyne 
Stokes respiration of uremia, and for the apnea 
and periodic respiration following hyperpnea. 
We have given large doses of alcohol by mouth 
in cases that showed the earliest symptoms of 
aphasia and hemiplegia and believe that we have 
thus aborted some such attacks, but proof is 
impossible (28). It would seem worth while for 
physicians to watch for early cases of cerebral 
ischaemia, including thrombosis and embolism, 
and be more willing to try vasodilator therapy. 
The important point is to increase blood flow in 
the brain so absolute rest is not desirable and 
morphine is strongly contra-indicated. 
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SYMPOSIUM ON HUMAN VITAMIN REQUIREMENTS 
INTRODUCTION 
C. A. ELVEHJEM 


Department of Biochemistry, University of Wisconsin, Madison 


It is now three years since the National Nutri- 
tion Conference accepted a table of recommended 
allowances: for most of the better known dietary 
essentials. All published evidence on the re- 
quirements for the different factors was critically 
examined and appraised and many nutritional 
authorities were consulted before the final table 
was compiled. Dr. Lydia J. Roberts presented 
much of this evidence before the 1941 Chicago 
meeting of the Institute of Nutrition and ob- 
tained additional suggestions at that time. 

During the past three years the recommended 
dietary allowances have been widely used and 
accepted. There has been much discussion and 
some criticism of the accuracy of the individual 
values which is fortunate because it is only by this 
means that further improvements can be made. 
This discussion and the realization that much 
more information is needed have stimulated ex- 
tensive experimental work especially on the 
vitamin requirements of human subjects. Since 
many of these results would have been presented 
at the annual meetings of the American Institute 
of Nutrition if it had been possible to hold such 
meetings, it is logical that this published sym- 
posium on ‘‘Further Studies on Human Vitamin 
Requirements” be sponsored by the Institute. 

Each of the following reviews has been prepared 
by an authority actively engaged in research deal- 
ing with the specific vitamin in question. The in- 
formation summarized in these papers will not 
only be helpful to the Food and Nutrition Board 
in future deliberations on possible modifications 


of the dietary allowances but will indicate more 
clearly where additional work is especially needed. 

It is doubtful that we will ever have unanimous 
agreement on exact quantitative values for the 
requirement of all our dietary essentials, but 
greater progress will be made if the type of re- 
quirement is clearly understood by everyone con- 
cerned. Many have considered the established 
dietary allowances to be minimum values while 
others have interpreted them correctly as opti- 
mum values which should be met if possible. 
Thus minimum figures obtained by accurate 
scientific measurements under specific conditions 
may be quite different from dietary allowances. In 
the latter case numerous variables must be taken 
into account which are automatically eliminated 
in the more accurately controlled experiments. In 
order to compensate for these variables some de- 
gree of safety must be incorporated into the values 
suggested for practical purposes. Some degree of 
safety is always recognized in experimental work. 
Several years ago work in our laboratory cot- 
vinced us that the minimum thiamine requirement 
of the rat was about 100y per 100 grams of ration 
(incidentally this level is equal to 0.2 to 0.25 mgm. 
per 1000 Cal. which is near the value considered 
to be the minimum for humans) however we have 
never used this low level in diets of rats mail- 
tained for other studies. We have always used 200 
to 3007 and some laboratories have used 5007 % 
more per 100 grams of ration. If we are this gene! 
ous with rats we should not object to a somewhat 
similar ratio in practical human nutrition. How 
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ever, the mere multiplication of the minimum 
value by a generous factor does not necessarily 
insure safety. ‘ 

Many factors are operative under practical 
conditions and some of these variables become 
evident in the work reviewed in the following 
papers. To date only a relatively small segment of 
our whole population has been studied but even 
so age, Sex, environmental conditions and type of 
diet show their effect. In experimental studies 
both with animals and humans rather standard 
diets have been used. If there is only one charac- 
teristic about our present day diet it is the diver- 
sity of food consumed from day to day. This con- 
tinual change in ingested material undoubtedly 
affects the intestinal flora and therefore the 
production and destruction of some of the 
vitamins. 

Most nutritiona! experiments have been of short 
duration. Even animal experiments have suffered 
inthis respect. However, it is gratifying that some 
of the most recent human experiments are being 
extended over many months. The question has 
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been asked, how long must a human experiment 
be continued in order to be valid. That remains to 
be answered but I might add our recent experi- 
ence with one of our monkeys. He was placed on a 
purified but apparently adequate diet 3} years 
ago. After one year he had made a perfect record 
and we thought this period should be sufficient to 
prove the adequacy of the diet. However, he was 
continued or another year and then for still 
another year’ At the end of the three years we 
decided there could be no question about the 
results. Leaving the diet constant the environ- 
mental conditions were changed and within a 
relatively short time the animal showed deteriora- 
tion. With some difficulty the animal was brought 
back to normal and we are now quite willing to 
leave him for ‘still another year. 

I am sure that the following reviews will not 
only give us additional scientific facts but will 
emphasize the complexity of the problem. We 
must critically appraise all the scientific evidence 
but we must also be willing to accept reasonable 
working values until more facts are available. 


THE HUMAN REQUIREMENT FOR NICOTINIC ACID 


W. J. DANN 
Department of Physiology, Duke University School of Medicine 


Our knowledge of the human requirement for 
uicotinic acid is extremely scanty. The National 
Research Council in compiling its Table of Recom- 
mended Dietary Allowances of the nutrients was 
faced with the need to suggest a level of intake 
ior nicotinic acid before any direct evidence about 
minimum requirement was available. The figure 
agreed on was 18 mgm. daily for a moderately 


active man of 70 kgm., and there is at present no . 


teason to suggest any other figure until much more 
evidence is available. The plausible assumption 
was made, again in the absence of direct evidence, 
that the requirement varies with energy expendi- 
ture, 

Until it is possible to observe the development 
and cure of nicotinic acid deficiency conditions in 
human beings on rigidly controlled diets (as has 
been reported for corresponding experiments on 
thiamin (1) ) it will be impossible to determine 
Precisely the minimal requirement of any individ- 
‘al, or the effect of interaction of other vitamin 
ieficiencies, dietary factors and environmental 
onditions. Because deficiencies of other B vita- 
tins are likely to accompany nicotinic acid de- 
idlency, their effect on nicotinic acid requirement 
San important practical problem. Another point 
be settled before satisfactory determination 


of requirement can be made concerns the means 
of recognizing nicotinic acid deficiency. It is 
relatively easy to detect such deficiency when it 
has resulted in classical pellagra, but it is not 
certain whether pellagra always appears as a 
result of severe nicotinic acid deficiency, nor 
is it easy to detect with confidence slighter degrees 
of deficiency. 

There appear to be no published reports of ex- 
perimental work designed to determine the human 
requirements of nicotinic acid. Schaefer, Mc- 
Kibbin and Elvehjem (2) have found the 
nicotinic acid requirements of 4 dogs to lie within 
the limits 200-225 micrograms per kgm. body 
weight. From this they calculated the minimum 
requirement of a 70 kgm. man as 10 mgm. daily, 
on the assumption that the requirement is parallel 
to output of energy by the organism. Since it has 
been shown by Sarett, Huff and Perlzweig (3) that 
there are differences in the ways in which man and 
the dog metabolize nicotinic acid, this calculation 
may possibly not be valid. 

Determination of customary intakes of nicotinic 
acid. The remaining quantitative information 
bearing on human nicotinic acid requirement 
comes from dietary surveys in which customary 
intakes are estimated or actually measured. Most 
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frequently individual or average diets are either 
estimated or weighed and the nicotinic acid content 
of these diets calculated with the aid of a table of 
the nicotinic acid content of foodstuffs. Such cal- 
culations, like the food tables themselves, are apt 
to provoke one of two reactions. As Widdowson and 
McCance have remarked, there are two schools of 
thought—‘“‘one tends to regard the figures in them 
as having the accuracy of atomic weight determi- 
nations; the other dismisses them as valueless. . . 
The truth of course lies somewhere between 
these points of view.’’ (4) 

Resulis from dietary calculations. Aykroyd and 
Swaminathan (5) by such methods found that in 
India a typical poor rice-eater’s diet provided 5 
mgm. nicotinic acid daily if the rice were raw- 
milled or 11 mgm. if it were parboiled. Yet pellagra 
is rare among that impoverished rice-eating popu- 
lation. 

Kodicek (6) calculated in this way that the war- 
time diet in Great Britain provided on the average 
12.2 mgm. nicotinic acid daily for whole-meal 
bread consumers and 9.0 mgm. daily for white 
bread consumers (the majority of the people) 
before the National Wheatmeal Bread replaced all 
other types in 1942. Pellagra is almost unknown in 
Great Britain. 

In this country, Cheldelin and Williams (7) 
reported that in an average 2500 calorie American 
diet ‘“‘such as was consumed by the middle two- 
thirds or three-fourths of the population prior to 
the use of enriched bread and flour,’’ the amount 
of nicotinic acid was 11 mgm. Youmans and co- 
workers (8) in a dietary survey made in Tennessee 
calculated that over half of the white and three- 
fourths of the colored population consumed less 
than 10 mgm. daily; and one-fourth and two- 
fifths respectively consumed less than 6 mgm. 
A dietary survey in Wayne County, N. Carolina 
(9) made in 1942 before the use of enriched flour 
and bread in this section, revealed an average 
daily intake of food which I have calculated to 
contain 7.2 mgm. of nicotinic acid. One-sixth of 
all subjects over 15 years old consumed less than 


5 mgm. daily; for males and females of this age 


group, the mean daily intakes were 8.1 mgm. and 
7.9 mgm. respectively. No pellagra was observed 
in the clinical examination of 840 subjects whose 
diets were recorded', nor were any other gross 
signs of milder nicotinic acid deficiency observed. 
There is no reason to believe that the diets have 
recently changed for the worse and that more 
pellagra is soon to be expected in this region; on 
the contrary the vital statistics show that pellagra 
has decreased steadily in this county from 250 


1 The calculation of the average intake was 
made from astatistically suitably weighted sample 
containing 10% of all the diet records. 
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cases and 88 deaths in 1930, almost to a vanishing I |es 
point in 1942 (10). acl 

It is of interest to consider the nicotinic acid 7 sp 
intake of the male subjects in whom Goldberger && rey 
and Wheeler (11) produced pellagra experimen- J ci 
tally. Tables 9-16 of their paper give for 8 of I 
the 28 weeks of the experiment the quantities of me 
all foods consumed by the experimental subjects. I me: 
From these tables one can calculate that the aver- I sub 
age nicotinic acid intake per man per day, & par 
assuming no loss in cooking, was 7.2 mgm. The & Ay! 
food consumption of the control subjects is not & pell 
presented in the same detail, but from tables 4-7 & con; 
one can obtain an estimate of 11.9 mgm. nicotinic & sho 
acid per man per day ingested during four weeks. & sou: 
It is implicit in the data that this is an over- #% Swa 
estimate, compared with a true estimate for the & mai: 
experimental subjects. Goldberger’s pellagrins # Mol 
thus had the same mean nicotinic acid intake as I dail; 
the Wayne County subjects reported above, but i they 
the following points of contrest should be noted. & pells 
These pellagrinsing' ‘-‘‘or  ‘thamean calorie & diet 
value 50 per cent greater .. a vuhe Wayne County I pella 
subjects yet lost weight at an average rate of 0.75 Th 
lb. weekly; they had much more corn in their diet # toric. 
(28 per cent of their calories came from cornmeal MM pella 
and grits) and protein provided only 6 per cent I comb 
of their calories compared with 12.5 per cent. HM theor 

Resulis from analysis of duplicate diets. The HM cause 





results recorded above were all obtained by calcu- 
lation from estimated or weighed diets. Winters 
and Leslie (12) have obtained more reliable figures 
for nicotinic acid intake by direct measurement. 
They collected duplicates of all the meals, drinks 
and snacks taken by their subjects (two groups of 
women) on their self-chosen regular diets, for 
periods of 7 to 21 days. Each day’s sample was 
homogenized in water and an aliquot taken for 
estimation of the nicotinic acid by the micro 
biological assay of Snell and Wright (13). Among 
24 women from low-income groups in AustiD. 
Texas, the daily intake of nicotinic acid ranged 
from 2.7 to 9.8 mgm. with a mean of 4.2 mgm. 
For 11 Anglo-Americans, 7 Latin-Americans and 
6 Negroes the means were 6.4, 3.1 and 4.1 mgm. 
respectively. Fifteen of the subjects were exail- 
ined clinically; no pellagra was observed but nine 
were stated to show milder signs of nicotinic atid 
deficiency, by criteria about which there is 1 
general agreement (see below). These signs wer 
not seen in any subject whose intake was great 
than 5.9 mgm. per day. Among 20 women of § 
moderate-income group the intake ranged fro! 
5.5 to 11.4 mgm. daily with a mean of 9.1 mgm 
no clinical examination was made of these sub 
jects. 

Winters and Leslie suggest the possibility 
the recommended allowances have been place 
too high. This possibility is also supported by 
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less rigorous results of the workers who have not 
actually analyzed the meals of their subjects. It 
appears probable that when the time comes to 
revise the recommended allowance of nicotinic 
acid, it will be somewhat decreased. 

Factors affecting nicotinic acid requirement. As 
mentioned above, it seems likely that the require- 
ment will vary with the energy expenditure of the 
subject. It may also be modified by other factors, 
particularly by the major cereal of the diet. 
Aykroyd (14) pointed out in 1930 that although 
pellagra is ‘‘almost invariably associated with the 
consumption of maize’’, neither rice nor millet 
shows any superiority over maize (corn) as a 
source of vitamin Bz. More recently Aykroyd and 
Swaminathan (5) have calculated that a typical 
maize diet consumed in a pellagrous district in 
Moldavia gave a nicotinic acid intake of 15 mgm. 
daily. This is higher than the 5 mgm. level which 
they calculated for rice eaters in India (where 
pellagra was rare), and suggests that on a maize 
diet more nicotinic acid is required to prevent 
pellagra. 

This finding directs attention again to the his- 
torical connection between maize-eating and 
pellagra: a connection which led Chick (15) to 
combine several apparently mutually exclusive 
theories into the hypothesis that ‘‘Pellagra is 
caused by a toxic substance derived from the 
maize diet, which can be corrected by sufficient 
‘good’ protein, or perhaps by sufficient vitamin 
B; (which is found to accompany the ‘good’ 
protein).”? This hypothesis is attractive today if 
we substitute nicotinic acid for the vitamin B, 
of Chick. It is supported by recent work from 
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this laboratory on the analogous canine disease 
blacktongue (16, 17); but of course it remains no 
more than a working hypothesis. 

If it should be established as correct, it will 
mean that on some diets nicotinic acid deficiency, 
however severe, will not regularly produce the 
classical syndrome of pellagra. For this reason, 
and also to diagnose lesser degrees of nicotinic acid 
deficiency on diets which ultimately would lead to 
pellagra, there is an acute need for recognition of 
nicotinic acid deficiency which has not produced 
pellagra. Clinical criteria have been proposed by 
Kruse (18) and by Jolliffe and Stern (19) but these 
have been rejected by Ruffin (20). In any case there 
is no general agreement upon such criteria, and 
studies of the requirement cannot be ‘interpreted 
without them. Excretion studies will not solve the 
problem until they in turn can be evaluated in 
terms of clinical criteria. 

Summary. There is insufficient evidence to 
justify alteration of the National Research Coun- 
cil’s Recommended Dietary Allowance of nico- 
tinic acid, but sufficient to suggest that the figure 
is somewhat too high. Evidence from dietary 
surveys suggests that the minimum requirement of 
a 70 kgm. man is probably less than 10 mgm. When 
the chief cereal of the diet is corn (maize) the re- 
quirement for nicotinic acid is probably increased. 
We must await the discovery of valid methods of 
diagnosing human nicotinic acid deficiency which 
does not take the form of pellagra, before progress 
can be made toward determining the requirement 
more accurately, or determining what factors 
affect it. 
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Within the past year, two outstanding metabolic 
studies on the human requirements for riboflavin 
have been reported. The first, from the Mayo 
Clinic, (1) records data on four groups of in- 
stitutionalized subjects on quantitative diets for 
periods of from 246 to 288 days, with a preliminary 
period of high riboflavin intake. One group of four 
subjects was maintained for 288 days on a diet 
presumably adequate in all factors except for 
riboflavin, which was supplied by the diet as 0.35 
mgm. per 1000 Calories or a total of 0.7 mgm. per 
person per day. This level is probably representa- 
tive of the diet of certain population groups in this 
country. 

None of the ocular, cutaneous, oral, or lingual 
manifestations which have been widely accepted 
as evidence of certain degrees of ariboflavinosis 
occurred; physical and neurological examinations 
were negative. For the period of restricted intake, 
as a whole, an average of 14 per cent of the dietary 
riboflavin appeared in the urine of the four sub- 
jects. Averages of the excretions for the three 
subjects who were tested at like intervals are 
plotted against time for a period comparable in 
length to that used in the next study to be reported 
(fig. 1). The trend gives strong evidence of a con- 
tinued depletion of tissue stores of riboflavin at 
this level of intake over such a period. 

Most, if not all, of the cases of spontaneous 
human deficiency diseases involve the lack of more 
than one vitamin. That this might influence speci- 
fic avitaminoses was suggested by the work of Sure 
and Ford (2) who restricted thiamine in the diets 
of rats and noted that the total urinary and fecal 
elimination of riboflavin increased two to seven 
fold over that of the control animals, mainly be- 
cause of poor absorption and an excretion of some 
of the stored riboflavin. Sure conjectures that the 
prevalence of thiamine deficiency in this country 
might be found to be significant in precipitating 
manifestations of riboflavin deficiency in border- 
line human cases. 

In the metabolic study of the Mayo Clinic, one 
group of subjects was given the basal diet without 
the B complex supplement which had been given 
to Group I. Symptoms and metabolic defects 
typical of thiamine deficiency appeared in this 
group and were readily relieved with adequate 
thiamine administration. However, no influence 
was apparently exerted on the rate of depletion 
of tissue stores of riboflavin by this simultaneous 
restriction of thiamine and possibly other mem- 
bers of the vitamin B complex (fig. 1). This is in 


agreement with the observations of Ferrebee and 
Weissman (3) who attributed no clinical signif- 
cance to thiamine lack in the production of 
riboflavin deficiency, inasmuch as such influences 
on riboflavin balances as were demonstrated by 
Sure (2) are believed by them to be true only in 
terminal stages and are of no great importance. 


PER CENT 





O 30 GO 90 120 150 
DAYS ON DIET 





Fig. 1. Per cent of riboflavin intake excreted in 
the urine. 

(a) Keys’ 3 subjects, 152 days on 0.99 mgm. total 
riboflavin, 0.31 mgm. per 1000 Cal. 

—— --- regular 24 hr. collections. 

4. “saturation test’? with 1 mgm. added, 24 hr. 
collection. 

(b-1 to -3) Mayo Clinic “saturation test’? 4 hr. 
collection after 2 mg. intraperitoneally. 

---------- (b-1) Group I, 3 subjects 0.7 mg. total 
flavin, 0.35 mgm. per 1000 Calories. 

— — — (b-3) Group II, 2 subjects, same dost 
flavin, no other B-complex supplement. 

————  (b-2) Group IV, 5 subjects, 1.0 mgn. 
total flavin, 0.5 mgm. per 1000 Calories. 

(c) Mayo Clinie Group I, assays on 4 

hr. collection. 


The effect on riboflavin balance of high levels¢ 
thiamine intake, on the other hand, were als? 
investigated by Klopp, Abel and Rhoads (4). 
direct relationship existed between the thiamilt 
administered and the proportion of riboflavil 
excreted by certain of their human subject 
possibly related to the phenomenon reported bY 
Supplee and his associates (5) of a mobilizatio 
of riboflavin from the tissues into the liver it 
fluenced by thiamine; nevertheless, the influent 
was transient and no indication was detected 
any deficiency of riboflavin in body stores throu 
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the daily administration of large amounts of thia- 
mine for as long as 73 days. 

For two other groups of the Mayo Clinic sub- 
jects, the intake of riboflavin was increased over 
that in groups 1 and 2; in one group, (which had 
been planned as a part of a different study) the 
level was raised to 0.56 mgm. per 1000 Calories 
chiefly by a change in the type of bread from that 
used for groups 1 and 2. No clear-cut symptoms 
of deficiency were observed. The riboflavin stores 
at the end of the study were thought to be better 
than for groups 1 and 2, although there was evi- 
dence here also of progressively lessened output 
(fig. 1). In the fourth group, supplements of 1, 2 
and 3 mgm. of riboflavin were given. When the 
total intake was held at 1.6 mgm. per day, or 0.8 
mgm. per 1000 Calories, for a period of 45 days, 
the excretion of ‘‘saturation’’ test doses seemed to 
indicate that this level was not associated with 
depletion of tissue stores. It was, therefore, con- 
cluded that the minimal requirements of these 
subjects for riboflavin did not exceed 0.8 mgm. 
per 1000 Calories and probably was nearer 0.5 
than 0.8 mgm. 

In contrast to the use of very sedentary sub- 
jects in the first study, the second study was 
carried out on very active young men by ‘Keys 
and his associates (6) to test whether any ab- 
normality of work performance would be 
occasioned by a restriction of the dietary ribo- 
favin to an intake as low as one-third of the 
National Research Council’s recommended allow- 
ance. The six subjects were cooperative graduate 
students in a good state of physical training; 
these were transferred directly from their ac- 
customed boarding house fare to the restricted 
weighed diet containing 0.31 mgm. of riboflavin 
per 1000 Calories or 0.99 mgm. per person per day, 
atotal amount about 50 per cent above that in the 
Mayo Clinie study, although 12 per cent less in 
relation to Calories. Three subjects continued the 
diet for 84 days and three for 152 days. For the 
latter subjects, this depletion was followed by a 
period of 26 days of supercharging with 11.2 mgm. 
of riboflavin and then a return to the low level for 
further tests. At intervals during 5 succeeding 
weeks on the boarding house fare, the urinary 
excretion was determined. 

The average proportion of the dietary riboflavin 
which appeared in the urine during the depletion 
Period as a whole (12 per cent) was of the same 
order of magnitude as in the previous study. The 
Percentage output declined from a level of 23 
In the first few days of the depletion to the general 
level of 10-14 per cent within about a month and 
4 half. The results were considered to indicate 
alower apparent saturation than that of the Mayo 
subjects. However, the importance oi such a 
depletion of tissue stores was emphatically dis- 
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counted by the authors, inasmuch as the output 
seemed to be so readily stabilized at the lower 
level for at least half of the depletion period of 
five months, and as the urinary excretion rose so 
abruptly when the intake of riboflavin was in- 
creased, i.e., to 54 per cent of the intake of 11.2 
mgm., within one week. It must be admitted that 
the significance of this test of recharging body 
stores was largely obscured by the excessive dos- 
age of riboflavin employed. 

Although the body was thus shown to be capable 
of accumulating reserves of riboflavin, the very 
swiftness of its loss indicated to the authors that 
the reserve was not great. Furthermore, there were 
no detectable penalties for this loss of reserve 
riboflavin, within the duration of the experiment, 
except alow excretion rate, inasmuch as in the case 
of these six subjects ‘‘work performance and the 
bodily responses to work were essentially unaf- 
fected by the dietary alterations’’. This lack of 
effect on work performance of low flavin was 
confirmed by a further experiment (7) in which 
the relative riboflavin intake was dropped to 0.15 
mg. per 100 Calories for 14 days on hard work 
(4800 Cal. daily). 

In comparing the results of the two studies in 
figure 1, one is struck with the similarity of the 
general trends. Graphically presented, the per- 
centage excretion values give an impression that 
after the first rapid depletion there may have been 
a slower loss for the remainder of the five months 
depicted, perhaps from a different type of tissue 
stores. To establish that such a trend is without 
significance would probably require prolonged and 
thorough experiments and observation. Hence, 
while the meticulous work of these studies has 
given ample assurance that over several months’ 
time even very active adults, if not previously 
depleted, will not show measurable harm from the 
restriction of the intake of riboflavin to a level far 
below the recommended allowance, nevertheless, 
as was pointed out by the authors themselves, the 
results are not intended to answer the question 
of possible effects of long continued use of such 
levels. This implication will be referred to 
again. 

A noteworthy feature of the results was the 
absence of cheilosis and signifizant changes in the 
eyes of the various subjects. The minor degree of 
opacities and vascularization at the limbus ob- 
served in five of Keys’ six subjects initially did not 
progress during the depletion period nor did they 
disappear during the 12 weeks period of restora- 
tion. This is the more notable in that the sub- 
jects ‘‘crammed”’ for their comprehensive exam- 
inations during a part of the depletion period, thus 
presumably subjecting their eyes to severe strain. 
It has been the belief of many workers in this 
field, although now widely questioned, that an 
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intensive use of the eyes or exposure to glare may 
create an increased need for riboflavin locally in 
ocular tissues. The suggestion of such a relation- 
ship, at least, was the basis of two recent studies 
with large groups of human subjects giving evi- 
dence of eye strain. 

One study (8) was occasioned by the opportunity 
afforded Tisdall and his associates of examining 
the nutritional status of the men in the Royal 
Canadian Air Force, a personnel subjected to 
extreme conditions of glare and eye strain and at 
the same time consuming rations found, by assay 
during a test period, to average only 1.6 mgm. of 
riboflavin daily. An ideal degree of objectivity in 
recording the conditions of the eyes was secured 
by the perfection of a photographic instrument! 
which employed such intense illumination that 
microscopic details could be clearly recorded by a 
flash too short to cause discomfort to even sen- 
sitive eyes, i.e., one thirty-thousandth of a second. 
The survey of 198 men classified only one of these 
(0.5 per cent) as having normal eyes. Perhaps the 
criteria of normality were set by these investi- 
gators at a more exacting level than that of many 
other workers. Seventeen of the men (8.6 per cent) 
showed slight proliferation of the limbic plexus, 
87 (43.9 per cent) moderate proliferation, and 93 
(46.9 per cent) a severe stage of proliferation in 
which the cornea was penetrated with capillary 
twigs, streamers and loops. 67 per cent of this 
group suffered from two or more symptoms which 
might be referable to eye strain; these were usually 
worse after flights in bright weather. Seventy of 
the 93 men were chosen for testing the effects of 
riboflavin therapy. About one third of these were 
given only placebos, thus insuring a control 
group. The other men received 9.9 mgm. of ribo- 
flavin taken in three equal doses during the day; 
a group of 21 men continued this for one month, 
28 men for two months. 

In view of the statement frequently made that 
any ocular manifestations actually due to ribo- 
flavin lack will disappear under adequate flavin 
therapy in a few days, it is interesting that only 
one subject of those treated showed any such 
rapid improvement. Even in two weeks few of the 
subjects would have been judged to be improved. 
On the other hand, after one month, six of the 
group of 21 men showed a marked or moderate de- 
crease in the degree of vascularization, 14 a slight 
decrease or doubtful change, and one man, an in- 
crease in vascularity. Increasingly pronounced 
effects were seen after two months in the group 
of 28 men kept for that time on the dosage. Twenty 
men now showed marked to moderate improve- 


1 The Canadian Research Council has licensed 
the manufacture of this camera in the United 
States. 


ment, 8 slight or doubtful improvement, and none 
had become worse. Accompanying these objective 
changes was a striking improvement in such 
general symptoms as tiredness of eyes, aching of 
eyes, and watering of eyes, a sandy feeling under 
the lids, dizziness, headaches, reading intolerance 
and decreased visual acuity. Some of the men 
themselves were surprised to note the improve- 
ment as they had considered their former dis- 
comfort was to be expected under the conditions 
present and in no way abnormal (9). In the group 
receiving only placebos, the results were quite 
different. There was only faint improvement in 
any of the subjects in regard to ocular or general 
symptoms; six subjects became worse. 

Some criticisms and comments have been offered 
by Pirrie (10) on certain features of this paper: 
that some of the photographs appear out of focus 
in the printed reproductions; that the degree of 
improvement indicated by the authors might be 
questioned, in certain instances, from the evi- 
dence presented; that the subjective symptoms 
might well be attributable to a variety of origins; 
that the slowness of the responses to therapy in 
regard to vascularization is unlike the rapid cures 
reported for advanced riboflavinosis treated with 
large doses of riboflavin; that no one has demon- 
strated a connection between riboflavin and snow 
blindness, which is one well-recognized effect of 
glare; that the implied incidence of ariboflavinosis 
in the Canadian population differs markedly from 
that found in England; and that the diagnosis of 
ariboflavinosis requires the support of other signs 
in addition to vascularization. It is to be expected 
that many of these points will be elucidated by the 
publication of further work. Pett (11) mentions 
survey which was made among the Indians of 
Northern Manitoba, the report (12) of which is, 
as yet, not widely accessible. The survey showed 
an “‘astonishing incidence”’ of what appeared to be 
deficiencies of riboflavin, thiamine and ascorbit 
acid. The confirmatory studies which were under- 
taken have not yet been published. 

In Toronto, a nutrition survey (13) was carried 
out on a group of 232 individuals subjected to eye 
strain under different conditions from those in the 
previous study, i.e., close continuous use of the 
eyes in reading under ordinary uniform conditions 
of lighting. Many of these subjects complained of 
sensation of eye strain. Therapy was aimed at 
evaluating the comparative efficiency of vitamil 
A and riboflavin in relieving the manifestations. 
The daily administration of 3 mgm. of riboflavil 
for ten weeks resulted in an apparent cure of 57 pe! 
cent of the 28 cases of corneal vascularization i 
the group thus treated. This, in itself, might havé 
been accepted as evidence of a much greater effec: 
tiveness of riboflavin than of vitamin A, inasmu¢h 
as doses of vitamin A led to the loss of conjunctival 
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opacities in only 12 per cent of the 32 persons show- 
ing this manifestation at the beginning of the 
treatment. However, of the 57 subjects who showed 
corneal vascularization at the first examination 
but were in groups receiving vitamin A or placebos 
and, hence, no added riboflavin, 42 per cent showed 
recovery. After deducting this percentage from the 
original 57 per cent of cures, the authors could 
point to only 15 per cent of the cases of vasculari- 
zation in which cures could in fairness be attrib- 
uted to the riboflavin treatment. However, in the 
riboflavin-treated group, more relief was experi- 
enced from general symptoms of strain, includ- 
ing red and watery eyes, than in the other groups. 

In an extensive nutrition survey of 1200 subjects 
in Tennessee, Youmans and his associates (14, 15) 
noted a pronounced regression of corneal vascular- 
ization in two thirds of the 15 subjects reexamined 
in the spring after the initial inspections of their 
eyes, with a slit lamp, in the fall. A change in the 
intake of riboflavin could not be held accountable 
for the improvement, inasmuch as diet records 
indicated that the intake had, in fact, decreased 
slightly (from 0.63 mgm. to 0.53 mgm. per 1000 
Calories) hence, the improvement was attributed 
tentatively by Youmans and his associates to the 
decreased ultra-violet and visible light during the 
winter months. This explanation correlated very 
well with the observation that virtually no negroes 
in the region of the survey had decisive corneal 
vascularization, a fact which might be due to the 
difference in pigmentation between the two groups, 
inasmuch as the riboflavin intake was comparable. 
It was also in harmony with the absence of frank 
lesions of ariboflavinosis of the tongue, lips or 
mouth in the white group showing ocular vascu- 
larization and with the fact that the occurrence of 
vascularization in the group of nearly 500 subjects 
examined with the slit lamp bore no clear relation- 
ship to the dietary intake of riboflavin; for, if the 
exposure of the eye to light was the determining 
cause in producing a local deficiency of riboflavin, 
vascularization might well occur independently of 
these other factors. 

The possibility of the destructive action of light 
on the riboflavin of the eye had seemed to be given 
an experimental basis earlier by the results of 
Johnson and Eckardt (16) who accelerated corneal 
vascularization in rats on a riboflavin-low diet by 
xposing the heads and eyes to direct sunlight; 
this was true of a group of rats in which early vas- 
tularization was already present and also of a 
stoup which had manifested other signs of ribo- 
favin deficiency but not vascularization. Of 
great interest, therefore, in this regard, is the ex- 
tensive study of Philpot and Pirie (17) on the 
distribution and nature of the riboflavin in ox 
ocular tissues. The distribution was found to be 
quite uneven. Only traces of flavin were detected 
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in the vitreous and aqueous humors, the lens and 
the substantia propria of the cornea. From 2 to 3 
mgm. per gram of wet tissue were found in the 
corneal epithelium, ocular conjunctiva, iris ciliary 
body and choroid. The two richest types of tissue 
were the retina with 3-4 ug. and the lachrymal and 
meibomian glands, including the waxy secretion 
of the latter, with 4-6 ug. per gram of wet tissue. 
Inasmuch as the corneal epithelium was found to 
be richer in riboflavin than the blood, one must 
conclude that the riboflavin is actively secreted 
either across a membrane, in accordance with the 
principles stated by Duke-Elder and Davson (18) 
and as was postulated for ascorbic acid in the 
intraocular fluid by Friedenwald, Buschke, and 
Michel (19), or more indirectly through a gland 
with an external secretion. Because of the relative 
richness of the lachrymal and meibomian glands in 
riboflavin, Philpot and Pirie suggested the possi- 
bility that the secretion of these glands by bathing 
the cornea may be one of the sources of its flavin 
and that ocular lesions due to riboflavin lack may 
be essentiaJly in the glands themselves, reflected 
in their secretions. However, such a theory does 
not seem to be in harmony either with the lack of 
effect of removing the lachrymal and meibomian 
glands (17) or with the results of experiments per- 
formed by Johnson and Eckardt (16) in which they 
covered the corneas of riboflavin-deficient rats 
with ointment or liquid petrolatum and noted that 
this method of excluding oxygen from the corneal 
epithelium did not hasten vascularization. Inas- 
much as lachrymal secretion was also presumably 
excluded from the cornea by this procedure, the 
efficacy not only of atmospheric oxygen but of 
tears as well, would apparently be called into 
question. 

A direct test was made by Philpot and Pirie (17) 
of the light-lability of the flavin of ox eyes by ex- 
posing them, cooled in ice and bathed in cold sa- 
line, to either 1 hour of bright sunlight or to an 
ultraviolet lamp at a distance of 8 inches. There 
was no diminution in the riboflavin content of the 
eyes in either case. This result was not unexpected 
by the authors because of the fact that in no tissue 
of the eye assayed by them was the riboflavin in 
the free form, with the possible exception that a 
part of that in the retina may have been free; 
in other tissues it was in the combined form as 
adenine-flavin dinucleotide or flavoprotein, 


‘neither of which is photolabile. 


Although these results were clear-cut, they do 
not preclude the possibility that the conditions 
for the destruction of riboflavin or local lack of it 
may be quite different in the living eye. In the first 
place, although the authors state that the ribofla- 
vin was found to be in the combined form in tears, 
this determination was, perhaps. the least conclu- 
sive in excluding the presence of the free form, of 
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those they performed because of the difficulty in 
obtaining adequate samples of tears. Moreover, 
there are known to be two physiological types of 
stimulation of lachrymation and these might con- 
ceivably differ in regard to the concentration 
and form of riboflavin in the tears produced. 
From a theoretical standpoint, one would expect 
the lachrymal secretion to contain free riboflavin, 
inasmuch as two typical secretions, milk and urine, 
do so. The ox eyes tested with light for loss of ribo- 
flavin were not bathed in physiologically normal 
lachrymal secretion. Even the flavin within the 
eye tissue might be more vulnerable in living than 
in a lifeless specimen because many compounds 
are known to occur in quite low concentrations 
within the body at any given time due to the rapid- 
ity with which they aretransformed in metabolism. 
In the case of riboflavin, the chance of de- 
struction of the free form might exceed its appar- 
ent concentration in ocular tissues. Moreover, 
light and strain in the eye might conceivably initi- 
ate destructive metabolic processes in living 
tissue aside from a direct destruction by the light 
itself. In regard to the possibility of an unusual 
incidence of ocular signs among aviators or indi- 
viduals with snowblindness, it might be conjec- 
jectured that the light reflected from snow or 
clouds might be of a sufficiently different quality 
from ordinary light as to produce a somewhat 
specific effect on the eye. 

However, the question as to whether the eye is 
rendered deficient in riboflavin through the action 
of light is only one small part of the larger problem 
which has been intensively debated, especially for 
the past two years, as to the identity of the specific 
signs of ariboflavinosis, the value of ocular mani- 
festations in the early appraisal of riboflavin 
deficiency, and the actual frequency of occurrence 
of ariboflavinosis. 

It is believed by some authorities that a lack of 
knowledge of the exact anatomy of the eye may 
have led to misconceptions and fallacies. The 
terms, ‘‘corneal vascularization’’ and ‘‘prolifera- 
tion of the limbic plexus”’ have evidently been em- 
ployed with various meanings. Gregory (20) points 
out that they have been used frequently to denote 
only an engorgement. The area actually referable 
to the limbus itself, he believes, is sometimes only 
vaguely defined; it should be recognized as denot- 
ing the whole zone where the sclera and cornea 
overlap like a watch glass in a groove, of variable 
width but averaging 1 mm. Vessels seen in this 
area may be inaccurately ascribed to the cornea. 
The concept of a ‘‘normal avascular zone’’ between 
the limbus and the cornea is thought by Vail and 
Ascher (21) to result from an incorrect interpreta- 
tion of the facts. The fine vessels which occur nor- 
mally in this zone are customarily empty of red 
corpuscles and are relatively invisible. However, 
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Vail and Ascher consider that even the most dis- 
tally situated of these limbal loops of the super- 
ficial marginal plexus contain a fluid, probably 
blood plasma or plasma diluted with aqueous 
humor. Even slight irritations may fill these pre- 
viously invisible loops with red cells very quickly, 
Hence, the mere presence of filled vessels in trans- 
parent tissue is not a proof of ‘‘corneal vasculari- 
zation.”” The authors believe that the term is 
merited only when real vascular proliferation, or 
the formation of entirely new blood vessels has 
taken place, as in corneal disease. They prefer to 
employ the terms “limbal hyperemia”’ and “‘con- 
centric collaterals” to designate the engorged 
vessels of a preéxisting limbal plexus; here, the 
only proliferation which may take place is a multi- 
plication of the cells of the engorged vessel walls 
to permit an increase in diameter. 

Vail and Ascher distinguish between the extent 
and the intensity of the hyperemia of the limbal 
meshwork: They believe that the extent is condi- 
tioned by the duration of the disease; the intensity 
parallels the severity of the causative pathologi- 
cal process. In only long standing inflammation 
would they expect to find genuine vascular pro- 
liferation into corneal tissue proper beyond the 
most distal arcades. Gregory (20) also emphasizes 
the multiplicity of the agents capable of readily 
inducing a superficial circumcorneal injection: 
vigorous rubbing of the eye for a moment; exposure 
to wind, cold, bright light, mild chemical irritants; 
mild infections; injections of nicotinic acid; and 
numerous other causes. 

The characteristics which are believed to mark 
off corneal vascularity due to a deficiency of ribo- 
flavin from corneal vascularity due to other causes 
are variously defined. The following opinions have 
been expressed in recent publications: Circum- 
corneal injection may be considered an early 
stigma of ariboflavinosis only when supported by 
other clinical findings (22); only the invasion of 
the clear cornea by capillaries of the limbus is 
likely to be of definite dietary origin, although 
some mild ariboflavinosis might be exeluded by 
this standard (23); “this is always bilateral, 
though not always equally advanced in both eyes; 
it is always symmetrical—that is, it invades the 
whole circumference of the cornea in both eyé, 
although owing to the sclerocorneal ‘overlap’ in 
the segment of the cornea covered by the upper lid 
it is rarely conspicuous there; it forms a more 
less regular pattern of very fine, streamerlike 
superficial vessels . . . Cireumcorneal injection 8 
frequently absent until a late stage, when deep 
vascularization and corneal opacities may appe! 
...2? (24). In addition to the objective records 
of ocular signs already mentioned (8) (21), a 
other such record is the publication of photomict 
graphs of a human eye of a subject previously 
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diagnosed by the slit lamp as deficient in ribofla- 
vin. The eye was removed postmortem and in- 
jected with India ink (25). 

The final criterion which distinguishes ocular, 


ag well as other manifestations for which a defi-. 


ciency of riboflavin is responsible, from other types 
of pathological signs is generally agreed to be the 
response to riboflavin doses carefully adminis- 
tered. Evidence from such tests, some of which are 
summarized below, is seen to be conflicting and 
confused. Attempts have also been made with, 
perhaps, even less success to correlate specific 
manifestations of deficiency with the food intake 
of the individuals in which the signs oceur. Accu- 
rate dietary records are difficult to obtain at best, 
and, in the case of chronic deficiencies, the records 
must cover considerable periods of time in order 
to furnish any conclusive correlation with the 
development of manifestations. The expedient of 
questioning the patient about his dietary habits 
may yield approximations of some limited value, 
but those who have worked extensively in this 
field are conscious of the limitations of this method 
(26). 

Pirie (27) has expressed regret that ophthalmolo- 
gists are prone to ignore the findings of research 
and investigators to neglect detailed examinations 
of the eyes. The paper of Vail and Ascher (21) is of 
particular importance because the authors worked 
both in a department of ophthalmology and in a 
nutrition clinic over a period of three years. They 
examined the eyes of 711 patients; part of these 
were in the Birmingham Nutrition Clinic, part in 
the Outpatient Eye Clinic of the University of 
Cincinnati. Concentric collaterals were found in 
about an eighth of the Alabama patients and in 
over one half of those seen in Ohio. Subjective 
ocular symptoms and frank conjunctivitis were 
common but corneal vascularization was absent 
except in patients giving evidence of previous 
corneal disease. No correlation was found between 
the occurrence of concentric collaterals and 
quality of diet in 69 patients studied. The effect of 
tiboflavin therapy was negative in the cases 
treated. 

Machella (28), and Machella and McDonald (29) 
have presented evidence for their doubt of the 
validity of the so-called ariboflavinosis syndrome. 
They cite instances from the literature of failure 
of riboflavin therapy to relieve cheilosis, dermati- 
lis, keratitis, or glossitis, and of evidence which 
they believe justifies their skepticism as to whether 
tboflavin was the active agent or some other fea- 
ture of the treatment, where improvement was 
secured. From their own studies, they report 
hegative results from the use of 6 mgm. or more of 
tboflavin for 4 to 180 days in the treatment of 28 
subjects showing one or more manifestations as- 
ttibed to riboflavin deficiency, namely, 13 cases 
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with cheilosis, 4 with pemphigus, 9 with corneal 
lesions, and 6 with typical glossitis. Even with the 
added use of hydrochloric acid no significant 
favorable response was secured in any subject 
except in those instances where pure riboflavin 
was replaced by some other therapeutic supple- 
ment such as brewer’s yeast. 

Goldsmith (30) had opportunity to observe the 
effect of riboflavin therapy on cases diagnosed as 
deficient in riboflavin. She appraised the nutri- 
tional status of 200 consecutively admitted pa- 
tients in Charity Hospital in New Orleans; symp- 
toms and physical signs were judged to give 
decisive evidence of ariboflavinosis in 44 patients 
(22 per cent). Slight corneal vascularization was 
common, responded little or not at all to riboflavin 
therapy and was not considered evidence of ribo- 
flavin lack. Administration of riboflavin was effec- 
tive in rapidly clearing conjunctivitis and subjec- 
tive ocular symptoms, more slowly with those 
lesions of lips, tongue and cornea which responded, 
and most slowly with certain skin lesions. Inade- 
quacy of riboflavin was thought by Goldsmith to 
be the most frequent cause of deficiency disease in 
that locality. 

From 658 urinary riboflavin determinations, 
Feder, Lewis and Alden (31) judged that the body’s 
supply of riboflavin was more fairly reflected 
when the excretion was expressed as ug. per ml. 
than as wg. per hour of collection. An arbitrary 
assumption was made that, below an excretion of 
0.3 wg. of riboflavin per ml. of urine, an individual 
was in a state of deficiency. On this basis, 25 per 
cent of a group of medical students were deficient, 
as were also 30 per cent of white draftees, 50 per 
cent of negro draftees, and 65 per cent of a rural 
population (vicinity of Atlanta). 

Clarke and Prescott (32) reported 17 cases of 
vitamin B complex deficiency seen by them among 
patients with nervous disorders. Nearly all of them 
showed at least one of the signs originally consid- 
ered specific for riboflavin deficiency. In only a few 
of these cases did the treatment consist in dosage 
with riboflavin alone; stomatitis was reported to 
respond in a short time and improvement con- 
tinued for weeks. Duckworth’s two cases of cuta- 
neous and oral lesions healed on the administration 
of riboflavin (33) but therapy was not restricted to 
this. 

Four hundred consecutive patients of the clinic 
and wards of the Stanford University Hospital 
were examined and judged in regard to nutritional 
and vitamin deficiencies (34). Approximately a 
fourth were judged to be taking a poor diet; 11.4 
per cent of these gave evidence of clear-cut vita- 
min deficiency. Many of the cases had multiple 
deficiencies; two were judged definitely deficient 
in riboflavin and one mildly deficient. 

Circumcorneal injection occurred in 34.3 per 
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cent of 204 unselected patients in the Edinborough 
Royal Infirmary (35), and in 68 per cent of those 
aged 50 or over; in 8 uncomplicated test cases the 
injections did not respond to riboflavin therapy 
but did do so in 5 of 8 patients who gave evidence 
of vitamin deficiency. 

Six volunteers were secured for a riboflavin de- 
pletion study (36) from a group of students for 
whom a special diet table was provided by the 
student health service at the University of Minne- 
sota. These six individuals were on a reducing 
regime and presumably restricted their food intake 
to the diet furnished at their special table, which 
provided 71 mgm. protein, 1300 Calories and 471 
ug. of riboflavin daily for the five weeks of the 
experiments. Three of the subjects were given 3 
mgm. of riboflavin in addition daily. It was in this 
control group that the only definite evidence of 
corneal vascularization occurred. Moreover, this 
failed to respond when 9 mgm. daily of riboflavin 
were given. One subject in the depletion group 
experienced severe photophobia which persisted 
until the normal diet was resumed. It might pos- 
sibly be significant that these two were the only 
subjects who showed a decided loss of weight dur- 
ing the period, 12 and 8 pounds, respectively. They 
were, in all probability, in negative nitrogen bal- 
ance. In an experiment on the influence of protein 
metabolism on riboflavin stores (37), 13 human 
subjects excreted a daily average of 1.45 mgm. of 
urinary riboflavin during a four-day fast, the 
magnitude of the excretion suggesting an origin 
chiefly in the liver. This is in harmony with earlier 
work on rats (38). 

The question has been raised as to whether or 
not riboflavin therapy may be efficacious against 
manifestations, especially ocular ones, which do 
not result from riboflavin deficiency per se. Wol- 
bach and Bessey (39) considered it possible that 
libera! riboflavin therapy might be of value in 
corneal injury of diverse causation. Conners, 
Eckardt and Johnson (40) found that rosacea 
keratitis, marginal corneal ulcers and catarrhal 
corneal infiltrates responded immediately to 
parenteral injection of riboflavin. On the other 
hand, only negative results were obtained by Fish 
(41, 24) in treating 10 cases of acne rosacea kera- 
titis with riboflavin alone, whereas healing re- 
sulted in 30 individuals, including these 10, when 
routine treatment was given, with or without 
accompanying doses of riboflavin. Wise (42) also 
failed, except in one case, to relieve rosacea kera- 
titis in 21 patients whom he treated with adequate 
doses of riboflavin. This discrepancy in results 
among these investigators has not been resolved 
but may rest, in part, on differences in diagnosing 
and classifying cases of a complicated disorder of 
unknown etiology, and, in part, on a difference in 


FEDERATION PROCEEDINGS 


the prevalence of riboflavin deficiency in the areas 
represented by these investigators. 

Not only ocular signs but cheilosis also has been 
questioned as a specific manifestation of riboflavin 
deficiency. Eight of Machella’s patients who had 
no signs of deficiency except cheilosis failed to im- 
prove with riboflavin therapy (28). This was true 
also of 34 cases reported by Ellenberg and Pollack 
(43); 32 of these were edentulous, 1 had only | 
tooth remaining and 1 was a case of malocclusion. 
The corners of the mouths sagged into creases in 
which saliva tended to be retained and give rise to 
fungus growth. The cases responded to proper 
dental adjustment, not to riboflavin therapy. 
Nippert and McGinty (44) encountered a mixture 
of this type and true ariboflavinotic cheilosis in 
the same patient; both dental adjustment and 
flavin were necessary for cure. 

Jeghers (45) has given an interesting physiologi- 
cal interpretation of the specificity of the two types 
of glossitis due to pellagra and to ariboflavinosis 
respectively. 

A number of surveys of populations have been 
made for signs of riboflavin deficiency, with or 
without the collection of dietary records or tests 
with therapy. 

Sanstead’s 366 subjects (46) comprised children 
7 to 18 years of age in a parochial school, National 
Youth Administration workers, and a group of 
adults. 80 to 95 per cent of these individuals had 
some degree of corneal invasion by capillaries. The 
children showed an incidence of 36 per cent of cen- 
tral penetration of the cornea with 2 or more tiers 
of capillary loops, whereas the incidence was 72 
per cent among the N.Y.A. workers who probably 
were on a poorer economic level. The adult group, 
however, ranked higher than either of these groups 
in regard to incidence of severe stages (4 or more 
loops), the percentage being 5.8 as against 1.9 for 
the children and 3.7 for the youths. Fifty-two in- 
dividuals received riboflavin therapy; 5 mgm. were 
given three times a day to the older groups for 60 
days and twice a day to the children for 49 days. 
Each group had an appropriate control group t0 
which no supplement was given. No significant 
improvement was observed; although fluctuations 
in the area and degree of involvement occurred 
during the study, this was not essentially different 
in the treated and control groups. Hence, Sand- 
stead doubts whether such superficial vascularizs 
tion of the cornea as he observed in this study 
should be regarded as a diagnostic sign of ribofle 
vin deficiency. 

Twenty-four women in a low income populatio 
group in Austin, Texas, (47) made collections of 
duplicates of their daily diet for analyses for pe 
riods of 1 week or more and were examined fot 
anatomical evidence of vitamin deficiencies. Tht 
average intake of riboflavin was 0.68 mgm. p@ 
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1000 Calories or 0.78 mgm. total per day, ranging 
from 0.52 mgm. to 1.8 mgm.; the latter figure is the 
recommended daily allowance for a sedentary 
woman. The intake of 19 out of the 24 women fell 
between one fourth and one half of the recom- 
mended allowance. Cheilosis, corneal vascularity, 
or skin lesions, characteristic of ariboflavinosis, 
were found in 7 of the 15 subjects examined by Dr. 
Norman Jolliffe. 

Gregory (20) examined 1059 supposedly normal 
people and found only a 3 per cent occurrence of 
corneal vascularization comparable with aribofla- 
vinosis. Only about half of these had injection or 
even fullness of the limbic plexus and only a fourth 
showed other signs as glossitis or cheilosis. 

Wilson (48) examined 3050 Oxfordshire children 
in 1939 and substantial proportions of these in two 
succeeding years. He found 11 cases of cheilosis 
the first year and 8 new cases in the two succeeding 
years. 

One thousand one hundred and fifty-three air- 
craft workers in Southern California showed a high 
incidence (23 to 48 per cent) of subjective ocular 
symptoms. There was some degree of corneal vas- 
cularization in every case and streamer type 
arcades in 42.5 per cent; 9.3 per cent had 1 or more 
of other physical signs of riboflavin deficiency. 
Diet histories showed that most of the men were 
getting moderately good amounts of riboflavin (49). 

Milam (50) found a mill community in North 
Carolina to have a riboflavin intake about one 
half of the standard recommended allowance. 

In a nutrition survey carried out by Riggs and 
associates (51) on 260 boys and 286 girls in an urban 
suburb near Toronto, a comparison was made 
between the nutritional status of these children 
and their intake of riboflavin and other factors. 
The records of foods consumed for one week indi- 
cated that 43 per cent of the boys and 64 per cent 
of the girls ranked as excellent in their intake of 
tiboflavin when this was compared with the recom- 
mended daily allowance approved by the Canadian 
Council on Nutrition. Physical examinations re- 
vealed no cases of cheilosis. No correlation was 
found between riboflavin intake and ocular mani- 
estations. About a fifth of the group had intakes 
of riboflavin less than 70 per cent of the recom- 
mended allowance but practically none of these 
showed corneal vascularization. Most of the 7 per 
tent of the girls and 5 per cent of the boys who 
showed moderate or marked vascularization were 
found among the group whose dietary records in- 
dicated an excellent intake of riboflavin. Somewhat 
the same distribution between the groups held true 
for photophobia and lacrimation. The authors 
‘xpress doubt as to the value of the specific tests 
Wailable at present for the detection of so-called 
subclinical states. This opinion seems to be shared 
by Many others; it appears necessary to defer 
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judgment for the present on the prevalence of 
riboflavin deficiency in the population at large. 
Various discussions, reviews and symposia on 
different aspects of the human requirement for 
riboflavin have appeared (20, 27, 52 to 63). 

Experimentation on the requirements of animals 
for riboflavin has furnished a very valuable basis 
for searching for clinical manifestations of aribo- 
flavinosis in man and for planning depletion 
studies with human subjects. Work with animals 
is perhaps a particularly desirable preliminary in 
the case of this vitamin, inasmuch as the period 
necessary for manifestations of depletion of human 
subjects may be more prolonged than for thiamine 
and ascorbic acid and severe clinical effects may 
possibly be less completely reversible. 

There are, necessarily, problems inherent in the 
conversion of even well established quantitative 
results with animals to human requirements and 
recommended allowances because of such differ- 
ences in the two types of subjects, as size, surface 
area, rate of metabolism, activity, types of intes- 
tinal flora and many other factors. However, the 
broad basis furnished by results with animals 
makes for economy in setting up experiments with 
human subjects. 

It would be expected that the results of labora- 
tory experiments with monkeys as representatives 
of primates would be particularly applicable to 
human requirements. It is of great interest, there- 
fore, that a preliminary report has recently ap- 
peared (64) on the manifestations of riboflavin 
deficiency in the monkey. These included failure of 
growth, asthenia, incodrdination of limbs, a spe- 
cific type of dermatitis, and a sharp drop in hemo- 
globin and to a less extent in white blood cells, 
shortly after the appearance of the dermatitis. 
The dermatitis, of a peculiar ‘“‘freckled’’ type ap- 
pearing first as small red dry spots, later as exten- 
sive dark scabs, was distributed chiefly at sites of 
hair growth on the face and groin, and, in severe 
cases, in other areas. Biotin additions had no effect 
on the pathological signs. It was particularly 
notable that no cheilosis occurred nor were the 
eyes involved; although no histological sections or 
examinations with slit-lamp microscopy were 
reported, no vascularization of the cornea was seen 
grossly, even after 5 to 7 months maintenance on 
the ration low in riboflavin. It is well recognized 
that the results of acute deficiencies may differ 
from those of the mild chronic type. 

The freckled dermatitis of the riboflavin defi- 
cient monkeys responded completely to sufficiently 
high doses of riboflavin, i.e., 100 to 500 wg. per day, 
in as short a time as 10 to 14 days. Smaller doses 
were effective in the milder cases. The anemia, 
however, persisted much more stubbornly. From 
these preliminary studies it is estimated by this 
laboratory (65) that an adult monkey can be main- 
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tained on an allowance of 15 to 20 ug. of riboflavin 
per kilogram of body weight and a rapidly growing 
monkey on about double this dosage. This is of the 
same order of magnitude as the requirement of the 
dog for riboflavin. A recent report (66) showed 
that an adult dog of 10 kgm. or over could be main- 
tained on 15 yg. of riboflavin per kilogram of body 
weight and that 30 wg. per kilo was a mimimum 
level for good growth in young dogs. That this 
standard is less than the previously reported one 
(67) of 50 to 60 wg. per kilo for growing dogs prob- 
ably is accounted for by the different sizes of the 
animals and by the relative distribution of the 
total intake of riboflavin in the ration, in the pure 
synthetic form and in a liver extract, with the 
possibility of resulting differences in absorption, 
excretion and intestinal synthesis (68). Taking 
these factors into consideration, the probable 
requirements might be estimated as 25 ug. per kilo 
for the adult dog and 40 for the growing dog (65). 

The needs of two types of rats for riboflavin and 
thiamine have been compared (69). The white rat 
was found to require 80 to 150 ug. of thiamine per 
100 gram of synthetic ration, the cotton rat circa 
150; the white rat 100 to 150 ug. of riboflavin, the 
cotton rat more than 80 and less than 300 ug. 

Long-continued experiments in Sherman’s lab- 
oratory have demonstrated that the total results of 
mild deficiencies of riboflavin are not necessarily 
quickly apparent (70). The effect of liberal levels of 
riboflavin intake in increasing the nutritional well- 
being of rats was not clearly appreciable in the 
first generation but became apparent through suc- 
cessive generations maintained on the diets. Adult 
vitality and length of life were satisfactorily sup- 
ported by 3 ug. of riboflavin per gm. of air-dry food 
mixture; however, more favorable growth of the 
offspring and ability to tolerate subsequent low 
levels of riboflavin and of thiamine were conferred 
by a threefold higher riboflavin intake. 

During some experiments on blood regeneration 
in dogs, a delicate test of riboflavin deficiency was 
discovered (66) which was observable among the 
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earliest of those characteristic manifestations 
which occurred during the riboflavin: depletion. 
Whereas a pure synthetic diet supplemented with 
a full quota of crystalline B vitamins was adequate 
for supporting hemoglobin regeneration during 
long periods of bleeding, it became inadequate for 
this purpose when riboflavin was omitted from the 
supplements, thus producing an uncomplicated 
deficiency for this factor. Competition of growth 
for the riboflavin available made the regeneration 
of hemoglobin a more serious problem in growing 
dogs than in adult. 

Thus, again, accent is given to the protection 
which an adequate intake of riboflavin affords in 
such emergencies as loss of blood. 

An even more spectacular demonstration of 
latent injury due to riboflavin lack has been fur- 
nished by some remarkable experiments on con- 
genital defects. Striking malformations in new- 
born rats produced by mothers on a deficient diet 
of corn meal, wheat gluten, viosterol and inorganic 
salts, and preventable by small additions of dried 
pig liver, were reported in 1942 by Warkany and 
Nelson (71, 72). Later, the use of a purified diet 
with additions of members of the vitamin B con- 
plex in synthetic form, led to the discovery that 
the absence of riboflavin had been responsible for 
this peculiar abnormality (73). The malformations 
included the shortness of certain bones, the fusion 
of others, supernumerary digits and cleft palate. 

Thus, a dietary lack of riboflavin not complete 
enough to seriously repress growth and reproduc- 
tion nor to produce noticeable manifestations in 
the first generation, nevertheless, interfered with 
the normal development of embryonic tissues. This 
demonstration gives grounds for hesitancy in ac 
cepting short adult human depletion experiments 
as the sole basis for recommendations for allow- 
ances of nutritive factors for long-continued use 
by heterogeneous populations. The conclusion 
may be accepted that “further evidence is needed 
before any level can be established”’ (60). 
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THE THIAMINE REQUIREMENT OF MAN 


L. EMMETT HOLT, Jr. 
Department of Pediatrics, Johns Hopkins University, Baltimore, Maryland 


An accurate knowledge of human thiamine re- 
‘Mwirements is a very pertinent matter at the pres- 
‘tt time. The physician wishes to know when to 


‘| ‘Mescribe thiamine, the home economist is con- 


ened about the need of supplementing conven- 
‘ional diets with vitamin preparations and the 
ood manufacturer seeks light on the question of 
hether or not to reinforce his food products. 
Nithout such accurate knowledge governmental 
Agencies find it difficult to make wise decisions on 
many questions affecting the public welfare—the 


problem of proper labelling of foods and drugs, the 
even more vital matters of food rationing and food 
export to war-torn countries. From the point of 
view of the national economy the question as to 
whether the present enormous annual expenditure 
for B vitamins is justified or whether the public 
would not be better served by diverting this outlay 
into other channels, is one that demands an 
answer. An exact answer to these questions cannot 
be given at the present time, for the gaps in our 
knowledge are still wide. To point out these gaps 
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and to define the applicability of such data as is 
now available will be the task of the present 
review. 

The present discussion will be limited to a con- 
sideration of the minimum thiamine intake required 
for the maintenance of health—a question of fact. 
How much of a margin of safety should be allowed 
beyond this is a matter of individual opinion. 

Two types of data are available for determining 
minimum requirements: studies of the intake re- 
quired to protect individuals from deficiency, as 
manifested by accepted symptoms and laboratory 
criteria, and studies of the intake required to abol- 
ish such manifestations. The prophylactic experi- 
ments are likely to place the requirement slightly 
on the low side because of their limited duration 
which does not exclude the possibility that symp- 
toms might have developed in a longer time. They 
are, however, far more accurate than therapeutic 
studies in which an unnecessarily high dosage is 
invariably given. For this reason only the prophy- 
lactic studies will be considered here. 

Although it is clearly appreciated that the thia- 
mine requirement is affected by the composition of 
the diet as well as by other factors which are dis- 
cussed below, we shall follow the convenient 
practice of expressing thiamine requirements in 
terms of milligrams per 1000 calories. 

Thethiamine requirement of the normal adult. The 
first direct observations on this point are those of 
Jansen in 1932 who assayed the diets of Javanese 
laborers. According to his estimates, (1) a diet 
containing 200 units (0.6 mgm.) per day was suffi- 
cient to protect against beriberi. A slightly higher 
figure for the normal Javanese dietary is given in a 
subsequent report by Van Veen, (2) who places the 
daily intake between 0.6 and 1.0 mgm. per day. 
Since the caloric intake of this group is usually 
between 2200 and 2500 calories, it appears that a 
thiamine intake between 0.24 and 0.44 mgm. per 
1000 calories will protect them against deficiency. 
These observations from the Netherlands Indies 
are of particular interest as contrasted with more 
recent experimental studies in this country. It is 
noteworthy that the protection obtained was per- 
manent. The high proportion of carbohydrate in 
the Javanese diet was a factor unfavorable to alow 
thiamine requirement. On the other hand the diet 
was a monotonous one, a factor somewhat favor- 
able to a low requirement. 

Since 1936 a number of studies have been re- 
ported in the American and English literature in 
which volunteers have taken diets deficient in 
thiamine for variable lengths of time. In some of 
these, indubitable evidences of thiamine deficiency 
developed and were abolished by the administra- 
tion of thiamine; in others the development of 
thiamine deficiency is highly questionable. The 
studies of Alvarez et al (3) failed to yield impres- 
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sive evidence of thiamine deficiency. The restric. 
tion of thiamine in their experimental diets was only 
moderate and the manifestations they observed— 
anemia, abnormalities of gastric secretion—do not 
conform to the picture of thiamin deficiency as 
generally recognized. Jolliffe and his collaborators 
(4) reported the development of thiamine deficiency 
in a group of hospital internes who ingested a low 
thiamine diet; the manifestations of deficiency de- 
veloped within a few days and responded promptly 
to the administration of thiamine. Doubt has been 
cast on the validity of these observations by subse- 
quent workers who have found that a far longer 
time was required to produce symptoms. Wang 
and Yudkin (5) in experiments on a thiamine def- 
cient diet obtained symptoms within the frst two 
weeks—constipation, lassitude, anorexia and 
fatigue—but they concluded that these could not 
be attributed to thiamine deficiency since they were 
not abolished by a thiamine supplement. Shils, 
Day and McCollum (6) obtained no symptoms or 
elevation of bisulphite-binding substances in the 
blood in the course of 38 days on a diet containing 
between 0.15 and 0.18 mgm. of thiamine per day, 
and Najjar and Holt (7) in a single experiment 
lasting 40 days observed no symptoms on a diet 
completely devoid of thiamine. Robinson, Melnick 
and Field (8) gave a single subject a diet contain- 
ing 0.267 mgm. per day, and between the 12th and 
22nd days observed the development of pain and 
tenderness in the calf muscles, paresthesias end 
dyspnea on exertion, symptoms which responded 
to a supplement of crystalline thiamine. However, 
these workers were unable to demonstrate a rise in 
bisulfite-binding substances in the blood of theif 
subject, nor any reduction of this value following 
the administration of the supplement. 

During the past few years extensive studies of ex- 
perimental thiamine deficiency have been carried 
out by 4 groups of investigators: by Williams andhis 
collaborators (9) from the Mayo Clinic, by Elson 
et al. (10) at the Philadelphia General Hospital, by 
Keys and his collaborators (11) in Minneapolis and 
by Najjar and Holt (12) in Baltimore. In a series 
of well conceived and well executed experiments 
carried out upon inmates of a psychiatric hospitd! 
the Rochester investigators studied the effect 0 
diets containing different levels of thiamine fot 
prolonged periods of time and made observatiot 
upon symptoms, thiamine excretion and blood py 
ruvic acid. They concluded (9f) that an intake 4 
0.45 mgm. per 1000 calories was not quite adequaté 
to prevent symptoms and biochemical changes df 
deficiency, and that the minimum requiremet! 
must be slightly above this figure. Elsom and het 
collaborators, who likewise carried out long tem™ 
experiments on carefully analyzed diets, fount 
that a somewhat lower intake—0.35 mgm. per !0ll 
calories—prevented symptoms. In the Minnesp0l# 
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studies an intake of 0.23 mgm. per 1000 calories was 
found to be compatible with health, and even lower 
figures were found in the study of Najjar and Holt 
(0.15 mgm. per 1090 calories). These differences in 
requirement are not irreconcilable. In part they 
may be attributed to differences in experimental 
conditions, in part to differences in interpre- 
tation. 

In the opinion of the reviewer the clinical and 
laboratory criteria accepted by the Rochester in- 
vestigators as evidence of thiamine deficiency have 
not been sufficiently rigorous. Much stress is laid 
by them upon a group of neurasthenic symptoms 
which appeared upon the experimental diet and 
were interpreted as evidence of thiamine deficiency. 
The difficulties in evaluating such symptoms are 
obvious and are admitted by these investigators 
themselves. The possibility that psychological 
factors related to the experiment may have played 
apart in the production of these symptoms is very 
difficult to exclude. It is also worthy of note that 
insome of the Rochester experiments at least (9d), 
an anemia developed on the experimental diet. 
This finding, which is not a part of the recognized 
picture of thiamine deficiency, may well explain 
some of the symptoms noted. It is germane to point 
out that similar neurasthenic symptoms have been 
observed in the experiments of others (3, 4, 5) 
under circumstances where conditions were such 
as to preclude the development of thiamine defi- 
ciency. Although the reviewer is prepared to admit 
the fact that thiamine deficiency may produce neu- 
tasthenic symptoms, he believes that their fre- 
quency and value as an early sign of thiamine 
deficiency have been greatly overstressed. It is of 
interest that physicians of the Netherlands Indies 
who see a great deal of beriberi and are constantly 
on the watch for its first manifestations fail to 
encounter the picture of ‘‘subclinical thiamine de- 
ficiency” and are astonished (13) by the long list of 
symptoms ascribed to it by physicians in the 
United States. Although the reviewer takes excep- 
tion to some of the clinical evidence of thiamin 
deficiency in the Mayo Clinic experiments, he is 
fully prepared to agree that in other experiments 
symptoms and signs of deficiency were unquestion- 
ably present—those which were characterized as 
“advanced”? rather than mild deficiency. In every 
instance, however, the subjects developing such 
unquestionable symptoms were on intakes which 
did not exceed 0.22 mgm, per 1000 calories. 

Turning to the laboratory criteria, the reviewer 
feels that the excretion of less than 100 y thiamine 
in the urine in the 4-hour period after a parenteral 
injection of 1 mgm. thiamine is not per se an evi- 
denceof thiamine deficiency. Williams and his co- 
Workers state that the excretion of less than 100 y 

been regularly associated with a “‘considerable 
degree” of thiamine deficiency whereas an excre- 
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tion below 50 y has been associated with severe 
deficiency. The reviewer believes that the latter 
value is probably closer to the borderline of real 
deficiency. In the experiments of Najjar and Holt 
symptoms attributable to thiamine deficiency 
were never observed until the excretion with a 
load test had fallen below 60 y in 4 hours and 
not with any regularity until it had fallen below 
50 7. In the Rochester data only subjects on an 
intake as low as 0.22 mgm. per 1000 calories exhib- 
dite load excretions as low as 62 y in 4 hours. 

Data on blood pyruvate are notoriously difficult 
to evaluate, because of the fact that this metabo- 
lite is readily elevated by exercise and excitement, 
conditions which obtain not infrequently in psy-— 
chiatric patients and in many‘normal patients in 
association with venepunctures. Although the 
post-dextrose elevation of blood pyruvate in many 
of the Mayo Clinic experiments is of such magni- 
tude as to dispel reasonable doubt on this score, 
there are other instances in which interpretations 
have been made from lesser rises, the significance 
of which may be questioned. Although some of the 
subjects on a thiamine intake of 0.22 mgm. per 
1000 calories developed blood pyruvate values 
above 2 mgm. per 100 cc. after the administration 
of dextrose, it is to be noted that none of the sub- 
jects receiving 0.45 mgm. per 1000 calories did so. 
The reviewer believes that the Mayo Clinic data 
may be interpreted as indicating a minimum thia- 
mine requirement barely in excess of 0.22 mgm. 
rather than barely in excess of 0.45 mgm. per 1000 
calories. 

In the experiments of Elsom and her collabora- 
tors, four subjects were observed with ‘‘definite’’ 
evidences of deficiency. Two of these (subjects 
D.C. and E. V.) who had received a daily intake of 
0.2 mgm. thiamine per day showed an improve- 
ment after thiamine therapy that was impressive 
and thereislittle ground for questioning the diagno- 
sis of deficiency. In subject R. A., whose intake 
was 0.353 mgm. per day, it is probable, too, that the 
symptoms observed were due to thiamine defi- 
ciency, although it is to be noted that irritability, 
muscle tenderness and edema failed to respond to 
thiamine alone, clearing up later when a B com- 
plex supplement was added. The fourth patient 
(I. C.) however, must be excluded from a study of 
the normal thiamine requirement, since this sub- 
ject developed symptoms following a severe inter- 
current infection and the response to a thiamine 
supplement continued for 38 days was far from 
satisfactory. Although some of the observed 
symptoms showed improvement, muscle tender- 
ness persisted and edema was even increased dur- 
ing the period of supplementation. The reports 
of Elsom et al. do not contain detailed informa- 
tion about the patients who developed symptoms 
of “early deficiency,’’ but it is to be noted that 
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none of these individuals was found (10d) to have 
any elevation of the blood pyruvate or any alter- 
ation of the lactate/pyruvate ratio. Judging from 
the patients who developed definite deficiency, the 
data of these investigators indicates the minimum 
thiamine requirement to be somewhat in excess 
of 0.353 mgm. per day (0.17 mgm. per 1000 
calories). 

The excellent study of Keys et al. (11), although 
designed primarily to test the effect of work on the 
thiamin requirement, is of very pertinent interest 
here, since it showed that even under conditions of 
physical stress a thiamine intake of only 0.23 
mgm.. per 1000 calories was sufficient to protect 
men from symptoms of deficiency for 10 to 12 
weeks at least. 

The study of Najjar and Holt differed from the 
foregoing in the fact that depletion was carried out 
very gradually over a period extending as a rule 
over 18 months. It differed also in the fact that a 
synthetic diet was used throughout which was not 
varied from meal to meal or from day to day. This 
diet consisted of vitamin-free casein, crisco, dex- 
trimaltose, a mineral mixture and a vitamin mix- 
ture, the only variable of which was the thiamine 
content. The basal diet contained a small amount 
of thiamine in the dextrimaltose, the thiamine con- 
tent of which was found to be 72 y per 100 grams. 
From this source the subjects obtained. 128 mg. 
per 1000 calories. In addition to this they received 
thiamin in their vitamin mixture in quantities of 
0.5 mgm. per 1000 calories at the start of the study 
which were gradually decreased to zero. For sev- 
eral months prior to the final removal of the 
thiamine supplement, nine subjects subsisted on a 
total thiamine intake of 0.178 to 0.198 mgm. per 
1000 calories without developing any evidences of 
deficiency. When the supplement was removed and 
only the basal diet containing 0.128 mgm. per 1000 
calories was given, unmistakable deficiency symp- 
toms appeared within a period of 3 weeks to 3 
months in 8 out of 9 subjects. Urinary excretions 
of thiamine had been at minimal levels for many 
months prior to the last decrease in thiamine in- 
take and showed no further drop at the time of 
the development of symptoms. Thiamine load 
tests (in which the 4 hour excretion of thiamine in 
the urine was measured after an intravenous in- 
jection of 1 mgm.) showed a drop preceding and 
associated with the development of symptoms. 
Prior to the development of symptoms the 4-hour 
excretion fell below 100 micrograms and at the 
time of the development of symptoms values 
below 53 micrograms were obtained in every in- 
stance. Only once was a value below 50 obtained 
in a subject without symptoms of deficiency. The 
excretion figures given by these deficient subjects 
are thus in close agreement with those obtained 
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by Williams et al. in patients with unquestionable 
deficiency symptoms. 

The Baltimore experiments would place the min- 
imum thiamine requirement between 0.128 and 
0.178 microgram per 1000 calories, somewhat 
lower than that obtained in the 2 other experimen- 
tal studies. On the other hand, it is reasonable to 
expect that requirements would be lower ona 
diet which is constant—meal after meal—both in 
respect to calorigenic foods and thiamine con- 
tent—than on a diet which may at times provide 
an excess and at other times a deficiency of thi- 
amine. 

It seems justifiable to conclude that with a con- 
stant diet the minimum requirement of adult man 
lies at a point somewhere between 0.13 and 0.17 
mgm. per 1000 calories, whereas with a diet con- 
structed from natural foods in which there is some 
variation both in the food and the thiamine in- 
take, the minimum lies between 0.17 and 0.23 
mgm. per 1000 calories. The observations in Java 
indicate that intakes of the order of magnitude 
of 0.24 and 0.44 mgm. per 1000 calories will pro- 
tect against thiamine deficiency for an indefinite 
period of time. 

The thiamine requirement of the infant. The most 
illuminating information about the minimum re- 
quirement of the infant is obtained from observa- 
tions of infants fed on breast milk, a food which is 
known to be low in thiamine (15-24). According to 
the latest analyses of Knott (24) breast milk aver- 
ages about 15 micrograms per 100 cc. and under 
ideal conditions of maternal diet about 20 y per 
100 ec. It may at times be increased above 30 y by 
supplementation of the mother’s diet or, when the 
diet is substandard, may fall below 10 y per 100 ce. 
It is known from observations in the Orient (14) 
that the thiamine content of breast. milk may fall 
so low as to produce beriberi in the infant, but no 
exact information is available as to how low this 
level is. The Australian workers Slater and Rial 
(21) and Clements (25) present clinical evidence 
that symptoms of thiamine deficiency—failure to 
gain weight, constipation and vomiting—may 0¢ 
cur when the thiamine concentration of breast 
milk falls below 11 or 12 y per 100 ec. The writer 
does not find their data convincing on this point. 


The specificity of the symptoms may be quest: § 


ioned, and their data included instances in which 
a milk containing as little as 8 y per 100 cc. pro 
duced no untoward symptoms. Widenbauer and 
Heckler (18) and Knott and her collaborators (2) 
fail to mention untoward symptoms in the infants 
whose mothers were secreting a milk containing 
less than 10 y per 100 cc. and Morgan and Hayne 
(19) specifically mention the excellent health and 
normal weight gain of an infant whose mother’ 
milk contained only 11 y per 100 cc. Moreover: 
the relative frequency with which such low value 
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are encountered makes it seem improbable that 
such milk supplies less than the minimum thi- 
amine requirement. Assuming a caloric content of 
0.67 cal. per ec, a milk containing 10 y thiamine 
per 100 ce. would furnish 0.15 mgm. thiamine per 
1000 calories. 

The question has been raised as to how the breast 
fed infant gets along on a thiamine intake dis- 
tinctly less than that of the artificially fed in- 
fant. German writers (26) have maintained that 
breast milk favors the biosynthesis of thiamine by 
intestinal bacteria, a vigw based upon the obser- 
vations of Reichelt (27)"who reported that bacil- 
lus bifidus, a conspicuous member of the intestinal 
flora of the breast fed infant, was an excellent 
thiamine producer, surpassing yeast and the colon 
bacillus in that respect. However, Widenbauer 
and Kruger (28) found the thiamine content of the 
stools of the breast fed infant no higher than that 
of the artificially fed, and Knott and her collabo- 
rators (29) report lower urinary thiamine excre- 
tions in breast fed than in artificially fed infants, 
findings which speak against that explanation. In 
the opinion of the reviewer the relatively low ap- 
parent requirement for thiamine of the breast fed 
infant (0.15 mgm. per 1000 calories) may be attri- 
buted to the fact that his dietary is constant from 
meal to meal. He is thus comparable to the ex- 
perimental subjects of Najjar and Holt (12) who, 
itmay be recalled, were also able to get along on 
0.15 mgm. per 1000 calories. 

The attempt to draw deductions about the thia- 
mine requirement of infants from urinary excretion 
data, as has been done by several investigators 
(30), is a highly questionable procedure, in view of 
our lack of standards based on known cases of 
deficiency. 

Little can be said of the minimum requirement of 
oder children. The studies of Knott et al., (31) 
Robb et al. (32) and Benson et al. (33) indicate 
levels of intake compatible with health, but do not 
reveal how far these are from the minimum require- 
ment. Since the requirement of the infant under 
comparable conditions seems to be similar to that 
of the adult in terms of calories, it is to be expected 
that that of the older child will not differ greatly 
from it. 

Physiological factors affecting the thiamine re- 
quirement. Pregnancy. There can be no doubt that 
thiamine requirements are increased during preg- 
ancy, but exact data on the minimal requirement 
ate not available. Since the growth of the young 
infant seems to demand no more thiamine per 
talorie than is needed for the maintenance of the 
adult, it is reasonable to suppose that the require- 
nent of thiamine per 1000 calories will be the same 
in the non-pregnant adult. Additional calories 
ust, however, be provided to meet the needs of 
Pregnancy. 
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Lactation. A similar lack of exact information is 
available about the thiamine requirements in lacta- 
tion. It would seem certain that the minimum 
thiamine requirement of the nursing infant should 
be added to that of the mother, but whether more 
thiamine than this is required will have to await 
exact studies. 

Exercise. The literature on the relation between 
thiamine and work performance has recently been 
reviewed (34, 35) and little can be added at the 
present time. Interesting studies carried out under 
the auspices of the Harvard Fatigue Laboratory 
(36, 37) suggest that exercise produces an acute de- 
mand for thiamine, and forsome other component 
found in yeast. The experiments have, however, — 
been criticised by Keys et al. (47) on several 
grounds. The laboratory evidence of thiamine de- 
ficiency was obtained by the questionably accurate 
thiochrome method of Egafia and Meiklejohn (38), 
and the clinical evidence of deficiency was meagre 
and for the most part subjective. Subjects receiv- 
ing a concealed thiamine supplement showed al- 
most as much deterioration in work performance 
as did the unsupplemented subjects, both groups 
showing improvement when, with their knowl- 
edge, yeast was supplied. The psychological fac- 
tors in the experiment are thus difficult to evaluate. 

Barborka, Foltz and Ivy (39), using trained sub- 
jects, observed symptoms suggestive of thiamine 
deficiency and impaired work output on a diet 
deficient in B complex which contained as little as 
0.65 mgm.thiamine per day. They, too, obtained a 
favorable response to the administration of yeast. 
It may be noted, however, that their deficient 
periods occurred during the hot summer months, a 
factor which may have influenced.symptoms and 
performance. It is not clear from the data pre- 
sented that more than one subject showed the work 
deterioration described. The substitution of car- 
bohydrate for much of the fat of their diet failed to 
exercise a deleterious effect, as might be expected 
with thiamine deficient subjects and, finally, the 
improved work output on yeast was not sustained. 

More convincing to the reviewer are the studies 
of Keys and his collaborators (11). These investi- 
gators in a series of meticulous experiments, con- 
tinued for 70 to 84 days, were unable to demon- 
strate any evidence of deficiency or of impaired 
physical performance in subjects whose thiamine 
intake was restricted to 0.23 mgm. per 1000 calories. 
It seems justifiable to conclude that exercise, 
although causing an increase in total caloric re- 
quirement and in the absolute requirement for 
thiamine, does not cause any increase in the re- 
quirement per calorie. 

Closely related to the question as to whether ex- 
ercise creates an additional demand for thiamine, 
resulting in inferior work performance if this is not 
met, is the question whether superior performance 
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can be obtained by increasing the thiamine intake 
well above levels that will protect against symp- 
toms. Keys and Henschel (40) failed to find evi- 
dence of superior performance from supplements 
to U. 8. Army rations and Bransby et al. (41) 
obtained similar results with industrial workers in 
England. 

Learning. Claims have been made, notably by 
Harrell (51), that a thiamine supplement improves 
the learning capacity of children. Before such an 
important conelusivn can be accepted it would seem 
to the reviewer that further work should be done; 
in particular, the effect of reversing the thiamine 
and the control group should be tried. 

Climate. This subject has recently been reviewed 
by Taylor (42). It appears that the observations of 
Mills (43), whose studies on rats indicated a mark- 
edly higher thiamine requirement in hot weather, 
are not applicable to man. Losses of thiamine inthe 
sweat are negligible, not exceeding 50 7 per day at 
the most, and there is some reason for believing 
that the unconscious economy of effort which oc- 
curs in hot weather(44) may more than compensate 
for this. Unpublished studies with which the writer 
is familiar have failed to indicate any need for an 
increased thiamine requirement under other ad- 
verse climatic conditions—high humidity, extreme 
cold or diminished oxygen tension. 

Thiamine requirements in disease. It is obvious 
that no generalizations can be made here, for proc- 
esses of disease vary in severity, but, quite apart 
from deficiency states which call for thiamine 
therapy, it may be well to recall the types of dis- 
turbance that lead to an increased demand for 
thiamine and may be regarded as indications for its 
prophylactic administration: (a) digestive dis- 
turbances of all kinds, which interfere with the 
absorption of thiamine; (b) circulatory dis- 
turbances, such as post-hemorrhagic shock (45) 
which interfere with the distribution of thiamine 
to the tissues; (c) conditions which increase the 
basal metabolism—fever and hyperthyroidism. 
The administration of thiamin is also indicated 
when the normal foods which supply it are re- 
stricted, or omitted, notably when patients are fed 
for any length of time parenterally. An interesting 
cause of thiamin deficiency in animals is the eating 
of certain raw fish which contain an enzyme that 
destroys thiamine (48, 49, 50). A similar cause of 
thiamine deficiency in man has not as yet been de- 
scribed. 

Other factors affecting the thiamine requirement. 
It should be emphasized that although thiamine 
requirements are conventionaily expressed in 
terms of calories of food consumed, this practice 
involves certain inaccuracies. Animal studies (46) 
indicate that, other things being equal, the re- 
quirement varies with the total calories metab- 
olized, but it is not known whether a simple 
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thiamine/calorie ratio holds for all levels of re- 
quirement. It may well be that the actively 
exercising individual who requires 5000 to 6000 
calories per day needs relatively less thiamine per 


















































calorie than the sedentary individual. The effect fe 
of ingestion of an excess of food beyond the meta- " 
bolic requirement is another matter that has not 
been clearly evaluated. Finally, it is known that oa 
the requirement for thiamine is reduced when fat - 
forms a substantial part of the diet, and is a 
probably greater for carbohydrate than for protein an 
food. Although on ae grounds it would be 04 
preferable to express réquirements in terms of Q 
metabolic requirements and to take into con- ~ 
sideration the quantity and the proportion of the d 
different foodstuffs in the diet, it is scarcely age 
practicable to do this. 

A further reason for not insisting on such 
refinements is the fact that marked differences 
exist in the thiamine requirement of individuals, (1) . 
differences which are far greater than those caused fm Dr. 
by variations in metabolic requirements. Elsomf™ Miss 
and her collaborators (10c) were impressed withim Tice 
the fact that the requirements of their experi(™ —In 
mental subjects did not seem to bear any closf[m Pruc 
relation to the body weight and similar observa-§ 84st 
tions were made by Najjar and Holt (12, 42). Im Vitar 
is conceivable that differences in the vitamingm 1936. 
stores prior to the onset of the deficiency study AND 
might explain these discrepancies. That does notm™ Vitan 
however, seem to be an adequate explanation, fom nce 
in the Baltimore studies the intake was reduce Intak 
so very gradually and over such a long period Wanc 
time that it is difficult to imagine that the initijg™ of nu 
store played much part in the picture. At leas Varyin 
one important cause for the difference in individ (6) Sx 
ual requirements was discovered by Najjar ani Urina: 
Holt (12) who observed that some of their exper: by hu 
mental subjects who failed to develop symptom Med, | 
promptly on their lowest level of thiamine intak L.E.} 
were synthesizing thiamine in the intestinal tra¢t ~p9 


as shown by the fact that the daily excretion il 
the stools was greater than the intake. A strikiaf 
correlation was obtained between the absence ¢ 
symptoms and the quantity of free thiamine foul 
in the stools. The quantity of thiamine so foul 
was, however, insufficient to protect these subjet 
indefinitely under the conditions of the expe 
ment, for eventually all but one subject develop 
thiamine deficiency. 

The question as to the importance of biosynti 
sis as a factor protecting the individual agaifl 
thiamine deficiency cannot be answered ul 
further studies of this phenomenon are ms 
Evidence obtained from preliminary unpublisb 
observations suggests that the composition of 
diet is an important factor controlling bios 
thesis. This cannot, however, be the only varia! 
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since marked differences in biosynthesis were ob- 
served in individuals on the same diet. 

SUMMARY. 1. The thiamine requirement is af- 
fected by the uniformity of the diet; the more 
uniform the diet the lesser the requirement. 

2. The available evidence indicates that on a 
constant diet the minimum requirement for the 
normal adult lies between 0.13 and 0.17 mgm. 
per 1000 calories, whereas on a diet chosen 
naturally it lies between 0.17 and 0.23 mgm. per 
1000 calories. A range of intake between 0.24 and 
0.44 mgm. per 1000 calories appears to be pro- 
tective against thiamine deficiency. 

3. These same values appear to be valid for all 
age groups and for pregnant women and men 


undergoing strenuous exercise as well. In 
pathological conditions the requirements may be 
considerably increased. 

4. The current practice of expressing thiamine 
requirements in terms of milligrams per 1000 
calories consumed is probably the most practical 
procedure at the present time, although it is open 
to certain theoretical objections which are dis- 
cussed. 

5. It is pointed out that there are variations in 
the thiamine requirements of individuals, one 
important cause of which is the degree of syn- 
thesis of thiamine by the intestinal bacteria. 
Further studies are needed to evaluate this phe- 
nomenon. 
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SOME ASPECTS OF VITAMIN C METABOLISM 


CHESTER J. FARMER 
Department of Chemistry, Northwestern University Medical School, Chicago, Illinois 


Within the past few years many investigators 
in the field of nutrition have emphasized the 
difference in effect on the body of a mild vitamin 
deficiency lasting over a considerable period of 
time, as compared with that of a more severe 
deficiency of but short duration. Since frequently 
the pathologic state thus induced is more severe 
in the former case, and requires a longer period 
for recovery, the importance of maintaining in the 
dietary adequate amounts of all essential nutri- 
ents is apparent. 

Food sources. Recent reviews (1, 2, 3, 4, 5, 6) 
have shown a considerable percentage of industrial 
and rural pepulations with definite signs of de- 
ficiency of one or more vitamins or other nutrients 
# which are directly traceable to dietary inade- 
quacies. In many instances the omission of ade- 
quate sources of vitamin C or the improper han- 
dling of foods reduces the dietary intake of this 
vitamin to a dangerous degree. 

While citrus fruits hold a place of pre-eminence 
in our diet as a source of ascorbic acid, the use of 
tomatoes probably can be considered the second 
most readily available source. A field grown vine 
tipened tomato may contain as much as 25 mgm. 
ascorbic acid (7). The use of tomatoes canned at 
the peak of the season frequently provides a food 
of higher ascorbic acid content than market avail- 
able fruit in off seasons. Holmes, Jones and Richie 
(8) analyzed thirteen lots of late winter tomatoes 
and found an ascorbic acid content ranging from 
2.5 to 22.0 mgm. per 100 grams of fruit. The aver- 
age value of all lots was 8.8 mgm. per 100 grams. 
Tomatoes, canned at the height of the previous 
season gave an average ascorbic acid content of 
4 to 15 mgm. per 100 grams. Ripe peaches (9), 
depending upon the variety, contain 3.84 to 12.86 
gm. ascorbic acid per 100 grams of fruit with the 
highest concentration directly under the skin. 
Varietal differences in ascorbic acid content are 
also found in red raspberries (10) and in new rather 
than in old potatoes (11). In some varieties of 
tabbage the ascorbic acid content decreases as the 
tabbage matures (12). Peppers on the other hand 
are an excellent source of vitamin C at all stages 
of ripeness, being highest when partially ripened, 
cording to Lantz (13). He also found that the 
%scorbic acid content increases as the season 
advances. One variety, College no. 9, increased 
from 209 to 375 mgm. per 100 grams from August 
to November. 


Methods of food preservation vary in their 
influence on the ascorbic acid content of the 
product. Canning has the advantage from the 
standpoint of the length of time the material will 
keep (14). Refrigeration is for short time preserva- 
tion. Losses during drying and dehydration vary 
both with the method and material. Floyd and 
Fraps (15) have made a study of losses in ascorbic 
acid content in the commercial canning of Texas 
grapefruit juice. Tree ripened fruit, first grade, 
produces juice from 38 to 46 mgm. ascorbic acid 
per 100 grams. Canned fruit juices contained about 
18.2 per cent less ascorbic acid than fresh juice. 
The inclusion of culls reduces the ascorbic acid 
content of the juice; with 10 per cent or less culls, 
the juice averaged 36.1 mgm. per 100 grams, while 
juice from 90 per cent culls contains but 29.5 
mgm. ascorbic acid per 100 grams. Oxidative 
losses are low if pasteurization follows promptly 
after extraction (34 minutes lapse, 6 per cent loss; 
30 minutes lapse, 34.7 per cent loss). Of the meth- 
ods of extraction of the juice (screws, burr press, 
rollers, graters) the screw extraction and burr 
(similar to domestic juice extractors) causes the 
greater destruction of ascorbic acid. Recent work 
in other laboratories indicates these processing 
losses to be rather high. Retention values of 98 
to 99 per cent have been reported.* The loss of 
ascorbic acid in fruits and vegetables following 
maceration, as in the preparation of salad, may 
be appreciably decreased, according to McCay and 
Pijoan (16), by cutting or mincing with a plastic 
knife instead of one of metal. 

The harvesting of leafy vegetables in the coolest 
part of the day (17), and packing of vegetables in 
crushed ice as soon as harvested and during trans- 
portation was found by Zepplin and Elvehjem 
(18) to decrease loss of vitamin C. Ascorbie acid 
was destroyed quite rapidly in spinach, chard, 
lettuce, and broccoli at room temperatures of 20 
to 23°C; storage in a refrigerator favored its 
retention. 

Blanching of vegetables preliminary to drying 
according to von Loeseche (17) aids in the preser- 
vation of vitamins, expels part of the contained 
oxygen and decreases the bacterial population. 
Blanching by steam at atmospheric pressures re- 
duces the loss of mineral salts and vitamins as 
compared with hot water blanching. von Loeseche 


*Personal communication from Dr. C. A. El- 
vehjem. 
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quotes the following figures from Chance as to 
loss of vitamin C by the two respective methods: 





LOSS 


LOSS STEAM HOT WATER 


VEGETABLE 





per cent 


43.6 
14.8 36.6 
22.5 37.5 
14.1 §1.5 


per cent 
19.7 











In a study of vitamin losses during dehydration 
and storage, Tressler, Moyer and Wheeler (19) 
found potatoes to retain but a trace of ascorbic 
acid. Beets lost one-third of their original con- 
tent. Water blanching and dehydration of ruta- 
bagas caused an 85 per cent loss. Cabbage however, 
showed only 20 per cent loss of ascorbic acid during 
dehydration with practically no additional loss 
during storage at —40°F for three months. 

Vitamin loss in large scale food preparation in de- 
fense plants and civilian cafeterias have recently 
been shown to be excessive. Heller, McCay and 
Lyon (20) found a 27 to 90 per cent loss in the 
ascorbic content of vegetables served in a cafeteria 
feeding 2500 people. Losses of other vitamins, 
while less were still high (thiamin 16 to 64 per 
cent, niacin, 2 to 61 per cent, and riboflavin 22 
to 45 per cent). Similar results were obtained by 
Daum, Aimone and Hollister (21), who further- 
more observed a greater loss of ascorbic acid to 
occur during the holding of vegetables for one hour 
on the steam table than resulted from cooking. 
Suggested remedies included a decrease in cooking 
and holding time, staggered preparation of foods, 
a more limited choice of vegetables and a preview 
of the menu. The use of whole boiled (22) potatoes 
instead of mashed conserves their vitamin C con- 
tent even when held at steam table temperatures. 
Small amounts of sodium bicarbonate may be 
added in cooking fresh or tunnel frozen peas with- 
out causing additional loss of vitamin C (23). 
The cooking time is shortened, and unless the 
membrane surrounding the pea is broken as in 
plate freezing, only moderate losses occur by 
leaching into the cooking water. The uncontrolled 
adoption of this practice in the home is not be be 
recommended. 

An unusual high source of vitamin C is rose- 
hips, 100 grams of which contain 1200 to 1500 mgm. 
ascorbic acid. 

Methods of analysis. The older methods for 
estimating the ascorbic acid content of urine, 
plasma, whole blood and its cellular constituents 
have been reviewed by Bessey (25) and later briefly 
by Ralli and Sherry (26). A critical study of the 
photometric methods of Mindlin and Butler (27) 
have been made (28, 29). 
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Technics for the determination of ascorbic acid 
in the presence of highly colored solutions, such 
as fruit extracts, have been developed for the 
Evelyn Photoelectric colorimeter by Bessey (30) 
and a potentiometric method by Harris and 
Olliver (31). 

Aside from the handicap of colored solutions in 
titration procedures, various indophenol reducing 
substances other than ascorbic acid are encoun- J 
tered in the urine, feces, plant extracts, cereal 
products, milk powders and carmelized or fer- 
mented products. In a recent issue of Nutrition 
Reviews (32) it is stated that aside from ascorbic 
acid, 2:6 dichlorophenolindophenol will be non- 
specifically reduced by such substances as stanous 
and ferrous salts, sulfites, sulfhydrol compounds, 
sulphides, thiosulfates, reductinic acid and 
‘‘reductones’’ (formed by splitting of sugars by 
heat or fermentation). According to Enders (32), 
reductones are formed when sugars are heated ata 
suitable pH and especially in the presence of 
protein. These substances are suspected of having 
a structure somewhat similar to ascorbic acid with 
an aldol type of condensation between carbohy- 
drate and protein derivatives. 

Methods have been proposed by Lugg (33), 
Mapson (34) and Snow and Zilva (35) based upon 
the differential rates of combination of ascorbic 
acid and other indophenol reducing substances 
with formaldehyde at pH 1.5 to pH 2. At this 
acidity “‘reductones”’ condense but slowly with 
formaldehyde. Ascorbic acid is determined 
by difference in titration for total indo 
phenol reducing substances and the value ob- 
tained for “‘reductones’”’ by extrapolation frow 
a series of determinations made at stated ir 
tervals. This method does not distinguish between 
l-ascorbic acid and close analogues (d-gluce 
ascorbic acid, d-araboascrobic acid, etc.). It hat 
also been suggested (36) that ascorbic acid may be 
titrated by 2:6 dichlorophenolindophenol in pres 
ence of “reductones” if the reductones are esti- 
mated at high acidity (20 per cent HC)); total 
reduction (reductones and ascorbic acid) being 
estimated after dilution with water to appropriate 
acidity. 

It remains for future work to determine if thes 
proposed methods are superior to existing photo 
metric methods (30) properly controlled for not 
ascorbic acid reducing substances. 

The titration of ascorbic acid using a xylen 
solution of 2:6 dichlorophenolindophenol has als? 
been proposed (37). Interference due to SO: i? 
fruit products may be eliminated by the use 
hydrogen peroxide according to Levy (36). 

A method for estimating ascorbic acid usilf 
whole blood or urine has recently been proposed by 
Roe and Kuether (38). Blood is deproteinized with 
trichloracetic acid, the ascorbic acid in th 
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filtrate is oxidized by norit to dehydroascorbic 
acid and a stable colored derivative formed with 
2:4 dinitrophenylhydrazine in the presence of 
sulphuric acid. The color is read in a photoelectric 
colorimeter. The method is apparently specific 
and not affected by keto-acids. Glucose, fructose, 
pentoses and glucuronic acid do not interfere at 
levels ordinarily encountered in blood or urine. 

The use of hydrogen sulphide in methods re- 
quiring the estimation of dehydroascorbic acid 
is not without its disadvantages. Recently electro- 
lytic reduction (39) has been advocated, while 
another method proposes the use of a suspension 
of B. coli in glucose media (40) for the same pur- 
pose. The reduced ascorbic acid is then estimated 
by reduction of 2:6 dichlorophenolindophenol. 

Plasma and blood methods. Following the earlier 
studies on hypovitaminosis C in which urinary 
excretion (41) of ascorbic acid was used as a crite- 
rion of depletion, methods measuring fasting 
blood plasma levels were developed (42, 43, 27). 

Plasma was used to avoid difficulties arising 
from oxyhemoglobin of whole blood, which was 
later shown to enter into a coupled oxidation with 
ascorbic acid during deproteinization (44). By 
saturating blood with carbon monoxide before 
precipitation with metaphosphoric acid, Butler 
and Cushman (45) were able to estimate ascorbic 
acid in whole blood by oxidation-reduction dye 
methods. The use of lead acetate (46) with meta- 
phosphoric acid deproteinization has recently been 
recommended for removal of sulphydral deriva- 
tives in whole blood analysis. 

Because of the variation of plasma ascorbic 
acid levels with food intake, it has been recom- 
mended (45) that either whole blood or white-cell 
platelet ascorbic acid content be employed as a 
more reliable single index of body tissue satura- 
tion. 

Kruse (48) has recently recommended the 
examination of the gingiva by means of the 
biomicroscope as a means of detecting early signs 
of vitamin C deficiency. 

Requirements and utilization. Jolliffe has re- 
cently pointed out that “the diagnosis of nutri- 
tional failure cannot be limited to clinically mani- 
fest anatomical lesions. The preclinical states, as 
tepresented by tissue depletion, biochemical 
‘lesions’ and altered physiology, hold greater 
(mport because they precede and are more common 
than the anatomical lesions (47).’? Estimations 
of tissue saturation have been based upon meas- 
urements of the ascorbic acid level of the plasma, 
the whole blood, the white-cell platelet layer as 
well as tolerance tests based upon changes in 
plasma level and urinary excretion in response to 
oral or parenteral doses of ascorbic acid. Thysell 
(49) in a study of 233 subjects, showed blood 
levels of ascorbic acid of 1.0 to 2.0 mgm. per 100 
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ml. to follow the daily intake of more than 100 
mgm. ascorbic acid, with other respective blood 
levels to intakes as follows: 0.4-0.8 mgm. per cent 
with 50-100 mgm. intake; 0.2-0.6 mgm. per cent 
with 30-50 mgm. intake; 0.0-0.4 mgm. per cent 
with 15-30 mgm. intake; and 0.0-0.2 mgm. per cent 
with less than 15 mgm intake. While it is generally 
agreed that the maintenance of fasting plasma 
ascorbic acid levels of 0.7 mgm. per cent or above is 
indicative of normal tissue saturation, low plasma 
values (0.0-0.4 mgm. per cent) unless found 
upon repeated examination, need not indicate a 
state of marked tissue depletion, and should not 
be taken as evidence of an impending scorbutic — 
state. When such values are found, a determina- 
tion of the ascorbic acid content of whole blood 
(45) or of the white-cell platelet layer may furnish 
evidence of the severity of tissue depletion. From 
studies on experimental human scurvy (50) low 
ascorbic acid values in cellular blood constituents 
would indicate a prolonged period of inadequate 
vitamin C intake. 

As a result of placental transfer, the plasma 
ascorbic acid of the infant at birth is frequently 
higher than that of the maternal blood (51, 6, 52). 
Plasma levels at birth average above 0.60 mgm. 
per cent but decrease by nearly 50 per cent during 
the first 24 hours. On artificial diets without ade- 
quate vitamin C supplements, these values remain 
low, but with adequate intake either as a supple- 
ment or breast milk, they may attain values of 1 
mgm. per cent at two weeks of age (53). A post- 
partum drop has also been observed in the mother 


(54). 


Lund and Kimble (52) gave intravenous in- 
jections of ascorbic acid in doses of 100 to 500 
mgm. to women before delivery and noted a rapid 
rise in maternal and cord blood; the foetal plasma 
level lagging somewhat, but reaching an equal 
concentration in 1} to 2 hours. If the women 
were injected earlier than 2 hours before delivery, 
the maternal blood level decreased but the cord 
blood level remained high for at least 12 hours. 
On the basis of their observation, they suggest 
that ascorbic acid passes from maternal to foetal 
circulation by diffusion, at periods of high con- 
centration in the former, and is blocked by the 
placental barrier from re-entering the maternal 
circulation. This theory seems plausable and if 
corroborated, would dispose of the question of 
foetal synthesis. On the other hand, living mem- 
branes have repeatedly been shown to exhibit 
selective permeability (55), and recent work shows 
ascorbic acid capable of functioning at cell sur- 
faces (56). 

As shown by Levine, Marples and Gordon (57) 
premature infants exhibit a spontaneous defect 
in their metabolism of tyrosine and phenylalanine 
which is manifest by the excretion of p-hydroxy- 
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phenyllactic and p-hydroxyphenylpyruvic acids 
into their urines if fed artificial diets in which 
the protein intake is 5 grams or more per kilogram 
of body weight per day. The relationship of vita- 
min C to the metabolism of aromatic amino acid 
has recently been reviewed by Sealock (58) and 
therefore need no further discussion here. It has 
also been shown that premature infants receiving 
human milk retain a larger part of a saturation 
dose of ascorbic acid in their tissues than do pre- 
mature infants given cow’s milk (59). 

Breast fed infants of mothers on adequate vita- 
min C intake will receive 10 mgm. ascorbic acid 
daily until lactation is fully established when 20 
mgm. or more is provided, increasing to 50 mgm. 
when weaned at 9 to 10 months of age (60). Arti- 
ficially fed infants require a minimum daily intake 
of 10 mgm. ascorbic acid to prevent symptoms 
of scurvy (61). Plasma ascorbic acid levels are 
higher in breast fed infants than in those fed an 
artificial diet with a supplement of two ounces 
orange juice daily (62). 

Ascorbic acid requirements for various age 
groups as summarized by Smith (65) are: Infants 
8 to 50 mgm. daily; children 22 to 100 mgm.; 
adults 28 to 100 mgm. or more. Recent studies 
employing various criteria of saturation with 
subjects on controlled ascorbic acid intakes, indi- 
cate the following daily amounts to be required: 
Boys 10 to 14 years—45 to 75 mgm (64, 65); girls 
6 to 12 years—62 to72 mgm. (66); college students 
under 25 years—over 100 mgm.; older college 
women (25 to 50 years)—below 100 mgm (67). 
Observations on 800 youths at an N.Y.A. center 
indicated a diet containing 75 mgm. ascorbic acid 
to be inadequate (68). 

Studies by Storvich and Hauck (69) indicated 
that daily supplements of 65 to 150 mgm. ascorbic 
acid in addition to 10 mgim. in the basal diet were 
required by six normal adults to maintain tissue 
saturation. In later studies (70), 10 of 12 subjects 
showed renal thresholds at plasma levels of 1.10 
to 1.30 mgm. per cent. Of six subjects receiving 
74 mgm. ascorbic acid daily for 12 to 14 days, three 
showed saturation and three slight depletion of 
tissue reserves. The authors also point out that 
subjects with high renal threshold levels maintain 
higher plasma ascorbic acid levels on lower intakes 
of ascorbic acid than do individuals with low 
renal thresholds. It is implied that this has a 
corresponding influence upon tissue saturation. 
The effect of a possible renal retention of ascorbic 
acid should not be overlooked when investigating 
tissue vitamin C saturation in clinical material 
(71, 72). 

In reviewing theliterature, one is impressed with 
the relative agreement as to daily ascorbic acid 
requirements considering the various criteria 
employed. In establishing the degree of tissue 
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saturation, the test dose may be given orally as in 
most cases cited above, or by intravenous in- 
jection (73). In the oral tests, some gauge the dose 
according to the weight of the subject (65, 74) 
while others administer an arbitrary amount 
(usually 300 or 400 mgm. ascorbic acid) and base 
the criterion of tissue saturation upon the ex- 
cretion of 50 per cent of the test dose into the urine 
in the following 24 hours. The adoption of a 
standardized technic for saturation tests under 
suitable sponsorship would help future attempts 
at establishing the proper levels of daily require- 
ments. It is also apparent that the present recom- 
mendations of the Committee on Foods and Nu- 
trition of the National Research Council for daily 
allowances of vitamin C are conservative, espe- 
cially if the body isto maintain suitable reserves to 
successfully resist drains placed upon it by the 
onset of an infectious disease or other emergency. 
Recent observations on the ascorbic acid re- 
quirements of certain lower animals are of interest. 
Hens under demand of heavy egg production when 
fed a vitamin C deficient diet may develop avi- 
taminosis C resulting in leg weakness (75). 
Ascorbic acid when added to purified diets and 
liver supplements exerts a growth promoting ef- 
fect in chicks (76). Ascorbic acid has been shown 
to be of therapeutic value in treating certain types 
of sterility in the cow (77). Later work indicates 
that vitamin C has a direct stimulating effect in 
maintaining fertility in the bull, stallion, jack and 
boar (78). Holstein calves may be raised from 
birth on skim milk supplemented with vitamins A, 
C, and D when given access to hay and grain (79). 
The fate of orally ingested ascorbic acid. Loss 
of ascorbic acid after oral ingestion has been shown 
to occur in infants during diarrhea and following 
saline catharsis (80). With subsidence of the diar- 
rhea, the fecal losses decreased with corresponding 
increase in urinary excretion. It has also been 
shown that on daily ingestion of ascorbic acid 
in amounts varying from 73 to 1054 mgm., the 
fecal excretion averaged 5 to 13.8 mgm. (81). 
Since a large part of the difference, especially at 
higher intake levels is excreted through the 
kidney, the balance must either undergo bacterial 
destruction in the gastrointestinal tract, or be 
utilized in some method as yet unknown by body 
tissues. Secretion during lactation (60) is defi- 
nitely established, but secretion in sweat probably 
does not occur (82, 83, 84). Excess utilization iD 
hyperpyrexia of non-infective origin is doubtful 
(85), nor does a high intake increase work output 
or exert any favorable influence during exposur¢ 
to high environmental temperatures (86). 
Decomposition of ascorbic acid by bacteria i? 
the rumen of cattle. has been established. Ken 

and Chinn (87) demonstrated its utilization by 
organisms of the mucosus capsulatus and enter 
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covcus groups, isolated by special methods from 
the gastrointestinal tract and feces of human 
beings. They also found that certain non-ascorbic 
acid fermenting bacteria (B. alcoligenes, Flexner 
type B. dysenteriae) exert a ‘‘protective action”’ 
upon the breakdown of ascorbic acid. The simul- 
taneous rapid fermentation of carbohydrate also 
prevents the breakdown of ascorbic acid. Young 
and Rettger (88) later include as ascorbic acid 
fermenting organisms members of the following 
genera,—Escherichia, Aerobacter, Salmonella, 
Eberthella, Streptococcus, Encapsulatus and 
Vibrio. These observations, while indicating the 
susceptibility of ascorbic acid to destruction by 
intestinal bacteria when studied in vitro, need 
not be viewed with alarm except possibly in 
certain individuals whose intestinal flora may be 
overrun with ascorbic acid fermenting organisms. 
We may find in this work an answer to the oc- 
casional failure of oral therapy (except in massive 
doses) and the prompt response upon parenteral 
administration. The importance of the sparing 
action of carbohydrates for ascorbic acid when 
subjected to simultaneous bacterial action should 
not be overlooked. Studies of absorption of 
ascorbic acid by the small intestine in the human 
being, by the intubation technic, shows that 188 
to 374 mgm. of. ascorbie acid can be absorbed in 
one hour by a segment of small intestine 45 em. 
long of subjects in either the saturated or depleted 
states (89). 

Some observations on human subjects during 


prolonged ascorbic acid depletion.! Recent studies - 


in prolonged vitamin C depletion in the human 
subject have sought to gain information by avail- 
able methods, of changes in body chemistry and 
physiology as depletion progresses to the scorbutic 
state. Surgical studies have been concerned with 
the relationship of ascorbic acid to wound healing. 
The excellent study on ‘Experimental human 
scurvy’? by Crandon, Lund and Dill (50) served 
largely as a guide for the study to be briefly out- 
lined here. 

Twelve young men, ages 20 to 30 years, were 
placed on a basal diet inadequate in vitamin C, 
and containing minimal quantities of the vitamin 
B complex. Five subjects remained on this diet, 
five received daily supplements of the B complex 
in amounts recommended by the Committee on 
Foods and Nutrition of the National Research 

1The work described in this section was done 
under a contract, recommended by the Committee 
On Medical Research, between the Office of 
Scientific Research and Development and North- 
western University. Unpublished data by C. J. 
Farmer, A. F. Abt, D. Y. Burrill, W. W. Carroll, 
M. Dentler, E. E. Foltz, D. O. Manshardt, J. A. 
Wolfer and G. K. Yacorzynski. 
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Council, and two, serving as controls, received 
daily supplements of the B complex and 75 mgm. 
ascorbic acid, which was later raised to 150 mgm. 
Calories, protein, minerals and other vitamins 
were supplied in adequate amounts. The experi- 
ment lasted for seven months. Observations were 
made of the plasma and white-cell platelet 
ascorbic acid content, urinary ascorbic acid 
excretion, complete blood chemistry, hemoglobin, 
cell count and metabolic urinary constituents. 

The diet was selected from a cafeteria, choosing 
those articles which were known to be free from 
ascorbic acid or which by over cooking, with and 
without soda, and holding on the steam table were 
shown by chemical analysis to be low or lacking 
in vitamin C. In this respect, our investigation 
differed from that of Crandon, Lund and Dill. A 
civilian might conceivably select a diet similar to 
ours. The ascorbic acid content while calculated 
at zero, might occasionally rise to 5 or 10 mgm. 
per day as shown by analysis. 

The average time required for the plasma 
ascorbic acid to fall to zero was 70 days. Crandon 
attained the same point in 41 days. The white-cell 
platelet ascorbic acid dropped more rapidly in 
subjects deficient in both vitamin C and B com- 
plex, than those deficient in vitamin C alone. 
Zero levels in both groups were obtained during 
the latter part of the fifth month on the depletion 
diet. Crandon required 122 days to reach zero 
white-cell platelet content. 

It was again found that capillary fragility meas- 
urements were an unreliable index of vitamin C 
deficiency (90). Crandon reports negative values 
by the same technic in his case. Serum phosphatase 
was unaffected by vitamin C depletion, remaining 
within a range of 1.89 to 3.91 Bodansky units for 
the depleted subjects, and 2.08 to 3.41 units for 
the normal controls. The observed decrease of 
phosphatase in the scorbutie infant (91) and 
scorbutic guinea pig (92) need not be considered 
contradictory to our results when it is remembered 
that phosphatase values in man are normally low 
after skeletal development has been attained. 
We were dealing with young adults 20 to 30 years 
of age. 

Studies on work output were made by Dr. Eliot 
E. Foltz through the courtesy of the Department 
of Physiology, using an electrodynamic brake 
bicycle ergometer. Subjects in both depletion 
groups showed a measurable decrease in work 
output, that of the controls remaining constant. 
Evidence that vitamin C plays a minor part, if 
any, in the performance of work has been pre- 
sented by Keys (93) in a recent review. Our sub- 
jects complained of severe fatigue during the last 
two months of depletion. 

Neurological and psychological tests were made 
by Dr. G. K. Yacorzynski of the Department of 
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Nervous and Mental Diseases. His observations 
may be summarized as follows: The choice reaction 
time increased after the third to fifth months on 
the deficiency diet. Individuals making the 
greatest number of errors in choice reactions or 
whose reaction time shows great variation, ap- 
pear to show the greatest debilitating effects of 
vitamin C depletion. The latter effect is associated 
with loss of interest or motivation. Characteristics 
such as aggressiveness, submissiveness, etc., 
become exaggerated during depletion. Under the 
conditions of our investigation, no measurable 
effect attributable to vitamin C depletion could 
be observed in certain tests including threshold 
of perception, coordination of motion on a pursuit 
meter and critical fusion frequency of visual 
flicker. 

A study of oral changes attributable to acute 
ascorbic acid depletion was made by Dr. D. Y. 
Burrill of the Department of Oral Pathology, of 
the Dental School. The teeth of all subjects were 
scaled, the necessary fillings made and a program 
of oral hygiene instituted at the beginning of the 
study. Periodic checks and a final examination 
revealed no sponginess of gums or bleeding tend- 
ency. Examination of gums with the biomicroscope 
and slit lamp revealed no insacculation or capil- 
lary abnormalities. No changes in bonestructure 
were revealed upon X-ray examination. The lack 
of oral pathologyin our subjects, and the observa- 
tion of but a single small gingival hemorrhage by 
Crandon, Lund and Dill (50) suggest that oral 
conditions frequently ascribed to an acute inade- 
quate intake of vitamin C may in reality be due 
to a pre-existing caries or to improper oral hy- 
giene. It cannot be questioned that severe oral 
lesions follow protracted depletion of vitamin C as 
evidenced by lesions around erupted teeth in the 
scorbutic infant (119), the interruption of the 
lamina dura, indicating a beginning atrophy of the 
alveolar bone as observed in x-rays by Crandon, 
and the familiar loosening of the teeth in the 
scorbutic guinea pig. 

Studies of wound healing were made by Drs. 
J. A. Wolfer and W. W. Carroll of the Department 
of Surgery, and histological examinations by Dr. 
D. O. Manshardt, of Passavant 
Memorial Hospital, on all depleted and control 
subjects during the seventh month of depletion. 


Pathologist 


An incision 6 centimeters long was made through 
the skin and fascia of the left thigh. After properly 
suturing, biopsy sections were taken of the skin 
and fascia, from the 5th to 14th day of healing. 
The biopsy sections were removed in such a way 
that both cruciate and lineal closures of the skin 
were affected. The biopsy specimens were used 
for histological examination and also for measure- 


ment of the strength of tissue at the suture line 

grams to rupture at suture line 
[rupture factor = ———_—_—__——_, |. 

area at suture line, (sq. mm.) 
The rupture factor paralleled depletion as indicated 
by ascorbic acid saturation tests. Histological 
examination of the skin and fascia in the depleted 
subjects showed a marked deficiency of reticulum 
and collagen. (See Photomicrographs.) Similar 
results were obtained by Crandon. 

A marked susceptibility to wound infection, 
especially in the severer type of wound resulting 
from cruciate ciosure acecmpanied vitamin C 
depletion. (See Fig. 1, severely depleted subjects.) 
The dependence on adequate reserves of vitamin C 
in tissues for wound healing, and for other functions, 
has been shown by several investigators for both 
and experimental animals 


the human subject 


(50, 94, 95, 96, 97, 98, 99, 100). A distinction is 
made by Chambers and Cameron (101) between 
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Fig. 1. Photographs of wounds in severe vitamin 
C depletion. Diet vitamin C deficient—B complex 
minimum. Mahoney (left) on eighth day and 
Mallette (right) on eleventh day after biopsy with 
cruciate closure. 


the requirement of ascorbic acid for formation and 
maintenance of interstitial matrices (dentine, 
bone, collagen in connective tissue) and _ the 
non-essentialness of ascorbie acid for production 
and effectiveness of intercellular cement. 

Periodic physical examinations were conducted 
by Commander A. F. Abt, U.S.N.R. No evidences 
of clinical scurvy were observed except hyper- 
keratotic papules surrounding the hair follicles on 
the lower extremities. The latter were observed 
by Crandon at an earlier date on his more 
rigourous diet. Although spontaneous capillary 
hemorrhages never occurred in our subjects, 
several areas around the wounds showed petechiae 
resulting from the slight trauma attending sur gical 
manipulation. No such areas were observed on the 
normal control subjects. 

Following the surgical studies, all subjects, 
except the two who were hospitalized because of 
severe wound infection, received by mouth « test 
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dose of 15 mgm. of ascorbic acid per kilogram of 
body weight. Their degree of tissue saturation was 
judged from the behavior of the plasma ascorbic 
acid curve, its magnitude of rise, and the hourly 
excretion of ascorbic acid into the urine, during 
the subsequent five hour period. Typical curves are 
given in figures 2 and 3. These, together with the 
results of the surgical studies, indicate the satura- 
tion test as described here to be a convenient and 
reliable index of tissue depletion. These studies 
further indicated that daily intakes of 100 mgm. 
ascorbic acid for one month provide adequate 
tissue saturation for a maximum rate of tissue 
repair in healthy young adults. Even lesser 
amounts are indicated by the behavior of one 
subject (Robley), emphasizing the rdle of 
individual variations, or possibly a less rigid 
adherence to a prescribed diet. These studies will 
be reported elsewhere in full at a later date. 
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acid may be related to the animal’s detoxification 
processes. 

Sulzberger and Oser (105) in 1935 showed that 
guinea pigs on diets inadequate in vitamin C, 
are more easily sensitized to neoarsphenamine by 
intracutaneous injection than controls on ade- 
quate diets. 

In 1937, Dainow (106) reported a favorable in- 
fluence of ascorbic acid upon arsphenamine toler- 
ance in the human being. Many of his subjects 
were judged to be on inadequate vitamin C intake 
as evidenced by the lack of urinary excretion of 
this substance. Plasma ascorbic acid levels (107) 
are depressed in some cases and not in others (108) 
by administration of neoarsphenamine. It has been 
shown by Bundesen, Aron, Greénebaum, Farmer 
and Abt (109) that the dermatitis developed in 
human subjects when patch tested with various 
arsenicals may be prevented in a large proportion 























Miscellaneous conditions apparently influenced 
by ascorbic acid. In conclusion, a word should be 
said regarding the réle of ascorbic acid in certain 
drug intoxications, the anemias and one or two 
other conditions. 

It has recently been reported that scorbutic 
guinea pigs show extensive hepatic damage when 
injected with hydrazine (102) while control ani- 
mals receiving 30 mgm. ascorbic acid daily were 
tompletely protected. Evidence that pathologic 
changes may occur in the parenchymal cells of the 
liver, and in the proximal convoluted tubules, in 
the guinea pig as a result of scurvy has recently 
been reported (103). Longenecker, Fricke and King 
(04) have shown an increased excretion of 
‘scorbic acid into the urine of albino rats after 
idministration of certain hypnotics and anti- 
bytetics. While there was no evidence of conjuga- 
tion of ascorbic acid with these drugs, it is sug- 
tested that the endogenous production of ascorbic 
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of cases, by admixture with ascorbic acid. Neoars- 
phenamine and mapharsen solutions exposed to 
air are quickly oxidized to a brownish-black color. 
The addition of ascorbic acid markedly retards 
this reaction. Recently McChesney, Barlow and 
Klinck (110) have shown that the toxicity of 
neoarsphenamine for albino rats is materially 
reduced by ascorbic, isoascorbic, d-glucoascorbic 
and p-aminobenzoic acids. The most favorable 
effect was obtained when the arsenical and pro- 
tective agent were injected simultaneously in the 
same solution. The function of ascorbic acid 
appears to be primarily that of preventing oxida- 
tion, chiefly after injection. Much clinical data 
has accumulated in evidence of the amelioration 
of symptoms of toxicity when arsphenamines are 
administered with ascorbic acid (106, 111, 112, 
113). 

Studies on the relationship of vitamin C to 
anemia are numerous. Anemia usually ac- 
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companies the production of scurvy in the growing 
guinea pig (114). Administration of some source 
of vitamin C (115) improves the blood picture un- 
less the animal has lost more than 25 per cent of its 
body weight or one-third of its hemoglobin (116). 
A specific erythropoietic action has been at- 
tributed to vitamin C (117), but other investi- 
gators have failed to associate anemia, at least in 
the adult, solely with a vitamin C deficiency (50) 
but concomitantly with infection, general mal- 
nutrition or iron deficiency (118, 119, 120). It has 
been shown that patients with pernicious anemia 
on adequate vitamin C intakes have a significantly 
lowered plasma ascorbic acid level while patients 
on similar diets with an iron deficiency anemia 
show normal levels (121). The administration of 
ascorbic acid concomitantly with liver therapy has 
been successful in causing remission of symptoms 
in a series of pernicious anemia patients following 
unsatisfactory response to liver therapy alone 
(122). 

Many other important observations could be 
added, for example the development of oral lesions 
accompanied by an increase in the fusospi- 
rochetal flora by Macacus mulatta monkeys when 
maintained on diets deficient in certain members 
of the B complex but adequate in vitamins A, C, 
D, nicotinic acid and riboflavin (123). Gluco- 
ascorbic acid when fed as 10 per cent of the dietary 
has produced a condition in mice which the 
authors consider as the counterpart of scurvy in 
other animals (124). A final observation, which 
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may be of importance in the field of aviation re- 
ports that exposure of human subjects at a simu- 
lated altitude of 18,000 feet for one hour every 
second or third day, disturbs the metabolism of 
vitamin C (125). The immediate effect was a de- 
creased urinary excretion of ascorbic acid followed 
later by a compensatory excretion of large 
amounts of this substance. Guinea pigs injected 
with 100 mgm. ascorbic acid when exposed to a 
simulated altitude of 18,000 feet for 12 hours 
showed a higher plasma and muscle ascorbic acid 
content than control injected pigs remaining at 
normal atmospheric pressures. 

Conc.usion. An attempt has been made to bring 
together information as to food sources of vitamin 
C and the influence of certain methods of handling 
and cooking upon the ascorbic acid content. A 
brief review. of methods for analysis of food, and 
body fluids is given. Requirements ascertained 
for various age groups are indicated. Studies on 
depletion of human subjects have furnished evi- 
dence indicating that tissue depletion requires 4 
considerable period to affect adversely processes 
of surgical repair. It is also shown that an individ- 
ual may inadvertently subsist on a diet which 
through processes of handling or poor selection 
of foods may without apparent physical symp- 
toms, reduce his body stores of ascorbic acid tos 
dangerous degree, leaving no margin of safety in 
the event of any unusual demand. Brief discus- 
sions of the réle of ascorbic acid in detoxification 
and the anemias is also given. 
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INTRODUCTION TO THE SYMPOSIUM ON CONVALESCENCE AND 
REHABILITATION 


| ANCEL KEYS, Cuarrman 
The Laboratory of Physiological Hygiene, University of Minnesola, Minneapolis 


The practical needs for knowledge of the physio- 
logical factors in convalescence and rehabilitation 
are well stated in this symposium by Doctor 
Tillett and by Colonel Rusk. Specific points of 
outstanding clinical and scientific uncertainty 
are exemplified on every page of the succeeding 
papers. It was recognized at the outset that this 
symposium would consist primarily of questions 
rather than answers but it seemed desirable to 
m bring together such information and opinions as 
could be offered by a panel of experts representing 
a wide range of specialties. 

The war has forced the emergence of a larger 
physiology than has been recently characteristic 
of the academic view of the subject. While it would 
be regrettable to curtail the more purely Aris- 
totelian approach it must be admitted that the 
physiology of man as a whole, including psycho- 
logical aspects and applied physiology generally, 
has too often received rather cavalier treatment. 


noted, however, that suitable facilities and per- 
sonnel needed for detailed and controlled studies 
on man are rarely available in either universities 
or hospitals. Such work is expensive and demands 
ntensive collaboration between specialists repre- 
senting several sectors of the broad science of 
physiology. Anima] experiments yield a rich re- 
rard of accurate data but they are inherently 
imited to the analysis of parts of the broader 
problems. It must be realized that knowledge of 
he whole is not readily synthesized from the 
hinute inspection of some of its parts. Further- 
nore, species differences prevent detailed predic- 
ions for man and other animals. 

The contributors to the present symposium were 
epeatedly urged to abandon the narrow conserva- 
ism of factual citation in favor of the expression 
f opinions and ideas not necessarily buttressed 
y all the paraphernalia of pedantic scholarship. 
n the essential absence of directly pertinent in- 
mation a mere recital of claims or of findings 

situations only remotely analogous to the real 


problems would be futile. Some boldness is neces- 
sary to make a symposium of ideas. 

Perhaps the chief function of this series of dis- 
cussions is to clear the way for the real fact finding 
to come. It is hoped that much new research will 
be stimulated by the present exposition of prob- 
lems and expression of ideas. Powerful motivation 
may result from disagreement with some of the 
present opinions. A deliberate attempt has been 
made to provide targets to shoot at; of necessity 
this means that many of us have ventured on to 
more remote limbs than is our customary wont. 

An effort has been made to force consideration 
of some of the psychological aspects of convales- 
cence and rehabilitation. This is especially ap- 
parent in the contributions by Taylor and Brozek, 
Dunbar, and Goldstein. As a matter of fact, pre- 
vious efforts in rehabilitation have been largely 
in the psychological field but distinction should be 
made here between general bodily re-building and 
vocational rehabilitation. The latter includes some 
therapeutic applications but is often confined to 
special job placement. 

A notable omission from the present group of 
contributors is primary representation from phys- 
ical education. It is unfortunate that work in 


‘physical education is too remote in method and 


principle from our hospitals and laboratories in 
the fundamental sciences. We may hope for some 
improvement from the rather tentative efforts 
in a few universities, such as Harvard, Indiana, 
Wisconsin and Minnesota. 

In science generally progress is slow in propor- 
tion to the complexity of the subject. Surely no 
questions are more complex than those of con- 
valescence and rehabilitation, but it may be 
hoped that efforts more commensurate with the 
scientific and social importance of these problems 
will vastly increase our knowledge. We need not 
judge the field to be barren because in the un- 
cultivated state its products have been few and of 
dubious merit. 
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THE NEEDS FOR PHYSIOLOGICAL KNOWLEDGE: CIVILIAN MEDICINE 


WILLIAM 8, TILLETT 
New York University College of Medicine 


If an attending physician when making rounds 
on the wards of a general hospital asks himself at 
each patient’s bedside the question why is this 
patient kept at complete bed rest, the answers are 
interesting to consider and are liable to be, in a 
surprising number of instances, vague in their 
content. The degree to which bed rest with its 
accompanying physical inactivity is entrenched as 
a routine part of orthodox medical care, particu- 
larly hospital care, is illustrated in a very obvious 
and simple fashion by noting that the size of a 
hospital is traditionally referred to in terms of 
“bed capacity.’”’ The principle reason for the 
limited attention which the general aspects of the 
management of sickness have received is ac- 
counted for by the concentrated interest which 
medical studies have given to the pressing prob- 
lems of individual diseases with respect to specific 
etiology, essential nature, and specific therapy. 

In the present rising scientific interest in the 
field of convalescence and rehabilitation, the 
range of medical studies is being broadened be- 
yond disease entities by directing special attention 
to that period of sickness which is primarily con- 
cerned with recuperative processes leading to 
ultimate recovery and also with the maintenance 
of the normal functioning of as much of the body 
as possible in spite of the persistence of permanent 
disability or of the presence of some, as yet, ir- 
reversible pathological change. In accomplishing 
this purpose the greatest progress may be expected 
to emerge from applying the same principles of 
exactness in observation and research methods to 
the complicated elements involved in the con- 
valescent state that have been so successfully 
utilized in studying specific maladies that are 
primarily responsible for morbidity. 

Although the subject is a broad one, the physio- 
logical aspects of the problem are particularly well 
illustrated by reviewing the bases for the es- 
sentially routine medical procedure which utilizes 
bed rest for indeterminate periods of time as the 
most conspicuous adjunct to any other form of 
medical treatment. 

Without belittling the charm and comfort of 
repose or minimizing its restorative value for 
acute fatigue it is pertinent to attempt to assay 
the effects of protracted physical inertia on the 
patient’s course. As an aid in identifying the 
special problems that invite technical study in 
this field the query posed at the beginning of this 
article may be subjected to detailed analysis 


based on present knowledge and current medical 
practice. 

In discussing the topic it is unnecessary to in- 
clude a consideration of the presenting necessities 
which require that a patient be put to bed immedi- 
ately on admission to the hospital. Factors in- 
volved in the patients immediate needs and com- 
forts in the procedures of clinical and laboratory 
examination, and in estimating the severity of the 
disease under basal conditions are circumstances 
which are self evident. 

However, after the diagnosis is made and the 
plan of treatment directed toward the specific 
malady is instituted, the reasons for the subse- 
quent enforced periods of passive rela:.ation invite 
detailed consideration. 

<xpressed in broad terms, the chief purpose of 
bed rest during sickness is to reduce to a minimum 
the activity of the parts of the body or the physio- 
logical systems that are involved in the disease 
processes. This therapeutic conviction is based on 
the medical belief that optimum healing of areas 
of disease require inactivity of the affected part 
and that readjustments of pathological physiology 
are dependent upon minimal functioning of the 
system involved. Patients being as a rule intact 
organisms, the means by which the diseased organs 
or systems are given the advantages of maximum 
bed rest result in the patient as a whole being in- 
volved in protracted periods of inactivity. The re- 
sulting total inactivity, therefore, creates through 
disuse, damage to functions that are otherwise 
normal while at the same time permitting damaged 
tissues to undergo repair. The crux of the problem 
of convalescent care lies within this paradoxical 
situation. 

As the course of hospitalization proceeds the 
decision as to when the patient may bestir himself 
is based on clinical evidence of considerable im 
provement or complete clearing of the organit 
disease plus—and often the most influential reaso. 
—the patient’s wishes in the matter. In the ab 
scence of either one or both of these indications, 
or when changes in the pathological processes 0 
cur slowly or not at all, the continuation of the 
period of physical inactivity is usually assumed by 


both physician and patient to be the accepted 


course of convalescent care. 

Against the background of medical managemel! 
which has been briefly outlined in the precedité 
paragraphs, it is interesting to consider how much 
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of it is based on objective data obtained by valid 
methods of observation. 

On the basis of clinical experience supported in 
part by pathological and physiological observa- 
tions it is possible to list the abnormalities for 
which complete inactivity is most clearly indi- 
cated. They are: 

Reducing the demand exacted by physical ex- 
ertion on a cardio-vascular and respiratory 
system rendered incompetent by disease and 
further embarrassed by muscular effort; 

eliminating pain and alleviating other distres- 
sing symptomatology and anxiety referable 
to physical movement; 

promoting the sustained approximation of heal- 
ing surfaces by immobilization; 

fixing as much as possible areas of acute in- 
flammation; 

arresting hemorrhage or preventing its re- 
currence. 

At the height of any illness characterized by the 
presence of any one of the serious abnormal mani- 
festations listed above, the indications for com- 
plete rest appear authentic. However, after the 
acute phase has subsided, the extent to which the 
period of inactivity should be continued depends 
at present on individual subjective medical 
§ opinions, which are, for the most part, empirical. 

Within this field which comprises the convales- 
cent state there are two needs for guidance that 
dinical medicine does not possess. The first deals 
with methods of objective measurement by which 
the extent of damage to any system involved in 
the disease process may be measured with pre- 
tision and by which the rate of return of its func- 
tion to normal may be followed. 

The second requirement concerns alterations oc- 
curring in other systems of the body caused, on the 
one hand, by the sympathetic or indirect effects of 
the primary disease and, on the other hand, by 
the depressed functions referable to sustained 
periods of inactivity. 

The physically weakened and organically in- 
ficient state in which the body is left after the 
stormy events of active disease have subsided is 

made up of numerous elements of an anatomical, 
Physio!ozical, biochernical, and psychological na- 
ire that interact in a complicated fashion. 

An understanding of the origins and relative im- 
portance of these factors await the results of in- 

vestigations that involve essentially every field of 
ftsearch, particularly those dealing with function. 

Although the tenor of the remarks so far elabo- 


rated in this report have implied that when no 
positive indications for complete bed rest are ap- 
parent in the patient’s clinical state, its use is 
not only not beneficial but is even harmful, it may 
also be equally emphasized that the institution of 
physical exertion without utilizing accurate meth- 
ods of estimating its effect is subject to the same 
criticism. In this connection it is important to 
mention that one of the fallacies in physiological 
measurements, particularly when disease is pres- 
ent, rests upon the assumption that results ob- 
tained under basal conditions represent the state 
of an organ and its capacity to function under 
normal conditions. Since the basal conditions 
for most tests require that an individual remain in 
the supine position with minimal physical, mental 
and metabolic activity for specified periods of 
time and since the normal conditions of living are 
accompanied by movement, exertion, cerebration 
and active metabolism that are operative during 
periods of erect posture, it is obvious that the find- 
ings under each set of conditions may not be 
interchangeable. Measurements of the capacity 
and range of function are more serviceable for 
properly controlling convalescent care than are 
repeated estimates of basal function. 

By way of summary, one of the important con, 
tributions that may be expected to emerge from 
studies directed along the lines indicated in this , 
article is that the management of the convalescent ‘ 
period of sickness will cease to be a non-specific ° 
empirical procedure but will take its place among, ° 
the specific forms of therapy directed purpose-. 
fully toward well defined organic and functional - 
abnormalities. 

Under these circumstances it may be predicted 
with confidence that the clinical sciences will ex- 
hibit the same active interest in the processes and 
the treatment of the recuperative phase of disease 
that they have formerly given to the primary 
disease entities since with this increased sphere of 
knowledge, vague elements included in such ex- 
pressions as debilitation, weakness, and invalidism 
become identifiable disorders the control of which 
may be approached with technical accuracy. 

It may also be envisioned for the future that in 
civilian hospital management, and also in hospital 
construction, the center of emphasis can be trans- 
ferred from ‘‘bed capacity”’ to include broader in- 
terests which individualize the restorative require- | 
ments needed by patients according to intelligent 
tangible indications that extend beyond the 
bedposts. 
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THE NEEDS FOR PHYSIOLOGICAL KNOWLEDGE: THE ARMED SERVICES 


HOWARD A. RUSK 


Colonel, Medical Corps, Chief, Convalescent Training Division, Office of The Air Surgeon, 
Washington, D.C. 


In the past three decades the science of medicine 
has made impressive advances. Surgery, pathol- 
ogy, biochemistry, bacteriology, and physiology 
each have added their contribution to the great 
pyramid of scientific medical knowledge. The 
practicing physician has been overwhelmed by an 
avalanche of technical knowledge far too great 
for amy one man to assimilate fully and utilize in 
an orderly fashion. In attempting to evaluate, 
crystallize, and put into terms of effective treat- 
ment this great mass of scientific data for each 
individual patient, the physician has been com- 
pelled to focus his attention primarily on the ther- 
apeutic application of medical science. The disease 
has been treated, but more than occasionally, the 
patient has been neglected. When the medical or 
surgical crisis has passed and the curtain has been 
drawn on the drama of the necessity for immediate 
decision and action, the busy physician has been 
prone to allow his patients to drift aimlessly 


through the days of convalescence without chart 


or rudder. Needless days have been lost from pro- 


ductive activity, relapse has been common, and 
boredom constant in the grey days of convales- 


cence. 

The need for a planned, supervised, and pro- 
gressive program of convalescence is a military 
necessity in time of war. In the Army, a soldier is 
either sick in the hospital or on full military duty. 


* Bed rest and idleness are not conducive to physical 


fitness. The human body does not remain static. 
Bed rest often is necessary, but bed rest brings 


* about “deconditioning,’’ and this must be coun- 


¢ 


teracted by specific ‘“‘reconditioning.’”?’ Recon- 
ditioning must be both physical and mental, and 
to be effective must follow the cardinal principles 
known to all practitioners of medicine. As in any 
type of therapy, it must start early and be a con- 
tinuous, progressive, and uninterrupted process to 
the point of successful completion. 

Individuals engaged in flying are subjected to 
unique physiological stresses rarely encountered in 
any other occupation. It becomes necessary there- 
fore for the physician practicing aviation medicine 
to acquaint himself with these stresses in order 
that they may be prevented insofar as possible, 
and if they occur, be treated on asound physiologi- 
cal basis. The flight surgeon is engaged in a never- 
ending effort to attempt to maintain a normal 
physiology in flying personnel through indoctrina- 
tion in the physiological effects of flying and to 


combat the effects of abnormal physiological ex- 
posure by the use of secondary devices. A concrete 
example of this work is the AAF Altitude Training 
Program—one of the largest physiological teach- 
ing programs ever devised for a ‘specific oc- 
cupation. 

The physician in aviation medicine, then, is 
faced not only with the necessity of acquiring 4 
sound physiological basis for the practice of the 
usual type of medicine but also of acquiring 4 
sound physiological knowledge on which to base 
the treatment of injuries encountered as a result 
of the abnormal physiology which may occur in 
flying. 

Physiology has already made invaluable con- 
tributions in the field of aviation medicine. 
Oxygen deficiency, aeroembolism, motion sick- 
ness, decelleration, and frostbite are a few of the 
major problems that have been given to the physi- 
ologist for solution. Tremendous strides have been 
made in research in these fields. The opportunities 
for further research in these and kindred physio- 
logical subjects are myriad. 

In order that convalescence of the sick and 
wounded may be put on a scientific basis it is at 
absolute necessity that the basic physiological 
facts be known. What does bed rest really do t 
the human organism? What is the significance of 
the biochemical changes as a result of bed rest it 
both the normal and the sick? What tests can be 
used to guide the physician in gauging the degre 
of convalescence attained and in prescribing #- 
tivity, diet, and proper physiotherapy procedures! 
What is the optimum period of bed rest in acute 
infections? What effect has the maintenance of top 
physical fitness on the fixed parts in orthopedit 
injuries? When should brain injuries become ai 
bulatory and by what criterion? To what extett 
is complete bed rest a physiological procedure it 
tuberculosis and rheumatic fever? These are onl! 
a few of the questions that pose themselves to tht 
medical officer responsible for the convalescet! 
training and rehabilitation of the disabled soldier 

The AAF has operated successfully a progral 
of convalescent training and rehabilitation silt 
December 1942, and numerous basic physiologit#l 
problems have presented themselves in this field 

The need for sound physiological knowledge 
convalescence and rehabilitation is basic. Milital 
medicine looks to the physiologist for help in tit! 
ever-broadening field of medicine. 
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ENERGY METABOLISM AND CALORIC REQUIREMENTS 
H. H. MITCHELL 


Animal Nutrition Division, University of Illinois, Urbana 


The individual recovering from disease, injury, 
or chronic under-feeding is in need primarily of 
realimentation to restore him to health and normal 
activity. His food supply has been limited by the 
disinclination to take food or by the inability to 
obtain it. He is generally existing on a low meta- 
bolic level, but if the primary damage to his sys- 
tem inflicted by disease or trauma has been halted, 
his realimentation can be promoted according to 
the established principles of the science of nutri- 
tion. If the malnutrition induced by disease, 
injury or underfeeding relates to certain specific 
essential dietary factors, obviously realimentation 
must be directed primarily to the correction of 
these deficiencies by proper dietetic measures. 
But whether or not specific deficiencies are in evi- 
dence, the secondary, if not the primary, goal of 
realimentation is to secure not only an adequate 
consumption of food energy, but an excessive con- 
sumption to build up the body to its normal size 
and efficiency. : 

The energy requirements of the body and the 
disposal of food energy are different phases of the 
metabolism of energy. Energy transformations 
are intimately involved in all of the biochemical 
reactions occurring within the tissues and the 
tells; whether the transformation of matter or of 
nergy is the more important depends in general 
upon whether the reaction is synthetic or analytic 
in character. If synthetic (anabolic), the physio- 
logical purpose of the reaction is to produce mate- 
tial substances for the construction of new tissue 
or for the maintenance or repair of old tissue. 
The energy transformation is of only incidental 
importance; though for many synthetic reactions, 
energy is absorbed and must be supplied by simul- 
‘taneous analytic, or catabolic, reactions. Thus, 
the conversion of glucose to fat (6) seems to in- 
vlve the absorption of an amount of energy 
equivalent to what would be produced by the oxi- 
dation of about one-fourth of the amount of 

glucose converted. 

The predominant purpose of analytic (catabolic) 

tactions is to liberate the potential energy of food 

Nutrients for the performance of physiological 

ork, involved in the pulsations of the heart, the 

Novements of the respiratory muscles, the per- 
ormance of mechanical work by the voluntary 
huscles, and of chemical work by the glands of the 
dy. During the performance of physiological 

‘ork, the energy liberated by the catabolic reac- 

ons is dissipated from the body as sensible heat, 

cept to the extent that work is done upon the 


environment, in which case energy is stored in the 
environment, as in winding a clock or climbing a 
staircase, or its dissipation as heat occurs outside 
of the body, as in pedalling a bicycle. Therefore, 
the measurement of the heat emitted from the 
body under conditions such that work is not done 
upon the surroundings, is a measure of the energy 
produced in metabolism when sensible heat is not 
stored within the body to produce a rise in body 
temperature. 

The physiological work that a man performs 
and the energy he produces is in a very real sense 
a composite measure of the life activities, although 
not a fair measure of the cultural or social values 
of such activities, since mental work, in contrast 
to muscular work, involves an insignificant ex- 
penditure of energy (2). 

The ingestion of food imposes a certain amount 
of physiological work upon the body in effecting 
its digestion, its progression along the alimentary 
canal, the excretion of undigested residues, the 
absorption of the end-products of digestion, the 
transportation of these products to the tissues, 
and the excretion of the end-products of their 


’ metabolism by the lungs and the kidneys, Also, 


the influx of the end-products of digestion into the 
tissues stimulates their rate of metabolism. In 
consequence of all of these factors, but particu- 
larly of the latter, the energy production of the 
body is increased as a result of the taking of food. 
This increase in energy production, is the so-called 
specific dynamic action of food. 

The total energy produced in the body consists, 
for all practical purposes, of the following main 
factors: 

(a) The basal metabolism including those 
energy transformations involved in the mere 
maintenance of life, the ‘‘cost of living’’ in terms 
of energy. For persons in normal health and nu- 
tritional status, the basal metabolism proceeds at 
a rate proportional to the surface area of the body 
and to age, and may be estimated with an ac- 
curacy of 10 or 15 per cent from any of a number 
of prediction equations. In undernutrition and 
convalescence the basal metabolism may be de- 
pressed by 20 to 30 per cent. In psychoneurotic 
individuals, on the other hand, emotional reac- 
tions may elevate the basal metabolic rate by as 
much as 40 per cent (29). 

(b) The incidental muscular activities of the 
body involved in normal living, and in sedentary 
work. They include those movements essential to 
the care of the body and its nourishment, to enter- 
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‘ainment and social intercourse, and also those 
movements incidental to effective mental work. 
For lack of a better term they may be called the 
“energy increment of effective living,’’ and, to- 
gether with the basal metabolism, they constitute 
a minimum cost of effective living, again in terms 
of energy. The energy increment of living is com- 
monly assessed at 50 or 60 per cent of the basal 
metabolism, though it obviously may vary greatly 
depending upon temperament and habits of living, 
and particularly upon age. In the active child, the 
energy increment of living may amount to 75 per 
cent of the basal metabolism (17), while in the 
aged it may shrink to 20 or 25 per cent. In con- 
valescence it may drop to 10 per cent during con- 
finement in bed. 

(c) The energy expended in effective muscular 
work in manual labor. This quota of energy is 
related to the amount of work done. When the 
work can be measured, the energy expenditure 
may be estimated at 4 or 5 times the heat equiva- 
lent of the work done, since the human organism 
works generally with an efficiency of 20 to 25 per 
cent. In convalescence, this degree of muscular 
efficiency may still hold with little deviation. If 
the work is so complicated, as the work of type- 
writing, that it cannot be readily measured, the 
required expenditures are determined experi- 
mentally and expressed in calories per hour. Such 
determinations have been carried out for many 
kinds of domestic, industrial and agricultural 
labor. A compilation of many of these measure- 
ments of energy expenditures in effective manual 
labor has been published by Orr and Leitch (23). 
In hard manual labor, the rate of energy expendi- 
ture may amount to 8 or 10 times that of the basal 
metabolism. 

(d) The energy expended in athletic sports. The 
work performed in some of these activities may be 
estimated with satisfactory accuracy, from the 
body weight and the height it is raised, or from the 
weight of a heavy object and the distance it is 
cast. But competitive sports and games are not of 
this character, and the energy expended in their 
performance, rather than the work done, must be 
directly determined. Some such determinations 
are given in the article of Orr and Leitch (see also 
28). Others are scattered through the literature. 
An athlete may attain a rate of energy expenditure 
of 20 times the basal rate, or, in intense efforts 
lasting only a few seconds, a rate of 70 to 100 times 
the basal rate. 

(e) The energy expended in the specific dynamic 
effect of food. This quantity of energy is related to 
the amount and character of the food consumed. 
Commonly used estimates for man are either 6 or 
10 per cent of the fuel value of the diet. High- 
protein meals exert a greater specific dynamic 
effect than low-protein meals (3), and under condi- 
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tions of rapid deposition of fat, as may occur in 
realimentation from disease and underfeeding, 
excessive heating effects of food may be expected 
(6, 24). 

For an adult organism, exclusive of the pregnant 
or lactating woman, the sum of the energy ex. 
penditures from (a) to (e) inclusive, represents the 
energy requirement of the body. They result from 
the catabolic reactions of metabolism, since in 
adulthood catabolism greatly predominates over 
anabolism. Even in childhood, the anabolic re- 
actions are quantitatively insignificant because 
of the slow growth rate of the child (7). The daily 
formation of new tissue in child growth ranges 
from 50 to 52 grams in the month-old infant to 
4 or 5 grams in the pre-school child, rising again 
to 18 to 20 grams in the adolescent (18). Assuming 
that this daily increment in body weight possesses 
an energy value of 1 cal. per gram in the infant to 
1.5 cals. per gram in the adolescent, the energy 
content of the new tissue formed daily would, at 
its maximum, not exceed 52 cals., and for most of 
the growth priod would range from 6 to 30 cals 
In convalescence, the daily energy stored in re- 
habilitation may conceivably exceed these figures 
greatly, though no information on this point is 
available. 

In the pregnant woman, the formation of fetal 
tissue is equivalent at term to a daily storage of 
only 20 to 25 cals., and this represents the maxi- 
mum rate of intra-uterine growth. In]actation, 
with the milk flow ranging from 500 to 1000 cc. 
daily, the dietary energy thus stored would equal 
the considerable quotas of 320 to 640 cals. 

The sum of this stored energy and of the energy 
expenditures above listed will give the total energy 
required by the child, the convalescent, the preg: 
nant woman, or the lactating mother. Thus, the 
estimation of energy requirements is a mathemati: 
cal procedure, the accuracy of which will depené 
upon the extent to which an individual’s physio 
logical activities can be analyzed, and, when thu: 
analyzed, evaluated in terms of energy. A very 
practical phase of the science of nutrition is the 
evaluation of human activities in terms of energ! 
expenditures. There is a great need of further 
studies of these energy factors in the convales 
cent (8, 24). 

The satisfaction of the body’s requirement 0 
energy is, in practical nutrition, left entirely tothe 
appetite. And dietary studies have shown that 
the appetite to a remarkable degree adjusts the 
intake of food energy to the requirement in tle 
healthy individual in the great majority of cas¢ 
In contrast, the human appetite cannot be relied 
upon to adjust the intake of the essential nutrien!é 
to the requirements for those nutrients. In 4 
remarkable comprehensive study of the nutritio! 
of a population in Maine, Dove (9) has detect 
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only a very moderate correlation between the 
nutritive value of foods and their acceptability 
to consumers, represented by a correlation co- 
efficient of only +0.28 + 0.04. 

From these facts, one might infer that the need 
for energy is paramount in human nutrition. This 
seems to be recognized in the rationing of the 
army. Wodicka (27), after reviewing briefly recent 
advances in the science of nutrition, makes the 
following statement: 

“Paradoxically enough, in military subsistence, 
these recent epoch-making advances are distinctly 
secondary in importance to a fundamental nutri- 
trional principle which must have been at least 
suspected by the cave man—namely, that a man 
must have enough to eat. In Army rations, the 
calorie takes precedence over the microgram. 

“This order of priority has not been established 
by fiat or even by a conference of learned men. 
Repeated tests, both in physiology laboratories 
and in the field, have shown that a deficiency in 
calories results in impaired performance and poor 
morale more quickly and more markedly than a 
deficiency of any specific nutrient.’’ 

§ Not only is the need for food energy paramount 
in human nutrition, but to a large extent the 
energy consumed determines the requirements of 
specific nutrients. This is recognized in the recom- 
mended dietary allowances of the Food and Nutri- 


tion Board of the National Research Council, in . 


that the allowances for thiamin, riboflavin and 
tiacin are proportional to the caloric intake. 
Quoting the report giving these allowances (11): 
‘This relationship has been established for 
thiamin, and it has been assumed to hold also for 
tiboflavin and nicotinic acid, since, like thiamin, 
they are part of the enzymic system involved in 
the metabolism of carbohydrate.” 

The interrelationships of the nutrients in nutri- 
tion are such that one might expect that the need 
or any one nutrient is dependent upon the pres- 
tnee of others, and particularly upon the intake of 
organic nutrients that replenish the ‘‘metabolic 
wixture’’ from which the cells derive the energy 
‘or all types of physiological work. This might be 
presumed to be true at least for those nutrients, 
lncluding minerals and vitamins, whose functions 
Pre concerned in promoting and regulating the rate 
{liberation of energy from the metabolic mixture. 
‘sumably, it would not apply to those nutrients, 
lich as protein, calcium, phosphorus and possibly 

tamin A, the main function of which is to con- 
nbute to the structure of the tissues or organs 
bi the body, or to the maintenance of the integrity 

Mf these structures against inevitable erosion by 

ttabolic processes. 

he conception of the balanced diet is based 
Pon this assumption. The more of a balanced diet 
‘at is consumed by an animal up to the point of 
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the repletion of its energy requirements the better 
nourished will it be. Conversely, the more of.an 
unbalanced diet that is consumed, by which is 
meant a diet inadequate in one ormoreessential 
nutrients, the poorer nourished the animal be- 
comes. Amantea (1) and Westenbrink (26) have 
shown that the time of occurrence of the char- 
acteristic deficiency symptoms of polyneuritis in 
experimental animals is directly dependent upon 
the amount of deficient food consumed, such that 
the greater the intake of food the quicker the 
disease develops. Famiani (10) has observed the 
same relationship between the onset of scurvy and 
the ingestion of a scorbutogenic diet. Similarly, 
the greater the consumption of a rachitogenic diet 
the slower is the rate of calcification of the bones 
(25), and the more milk rats consume the quicker 
will nutritional anemia develop (19, 22). Such evi- 
dence indicates that the need for thiamin, ascorbic 
acid, vitamin D, iron and copper, at least, is pro- 
portional to the amount of food energy to be 
metabolized, since, when the proportions are in- 
adequate, the respective deficiencies appear in 
the tissues the sooner, the greater the rate of 
oxidation of the metabolic mixture. The complete 
withdrawal of food is a cure for deficiency symp- 
toms or alleviates them, while factors that in- 
crease energy metabolism, such as fever, hyper- 
thyroidism, pregnancy, lactation, and excessive 
muscular work, will precipitate deficiency crises 
that otherwise would remain latent (14). 

The relationship between the content of es- 
sential nutrients in a diet and its content of food 
energy to be metabolized is a reciprocal one, since 
an inadequacy of a given nutrient seems to impair 
the utilization of the food energy by increasing 
the specific dynamic effect of the diet. Such an 
inverse effect has been demonstrated for protein 
(12, 20), riboflavin (5), and phosphorus (21), when 
the stores.of these nutrients in the body are de- 
pleted to the extent that they do not effectively 
supplement the inadequate diets in these respects. 

It appears, therefore, that the body’s primary 
need for nutriment is for food energy, and that its 
need for most of the specific essential nutrients 
is in proportion to the amount of food energy con- 
sumed. This is an important principle in practical 
nutrition, especially in the nourishment of indi- 
viduals with a prior history of malnutrition under 
conditions of limited food supply. 

The victims of disease and chronic underfeeding 
have been living partly on a restricted diet and to 
some extent on their own bodily supply of fat and 
protein. Their basal metabolic level may be 
lowered 20 to 25 per cent if underfeeding relates to 
energy only, or it may be raised somewhat if 
specific nutrient deficiencies are prominent, judg- 
ing from animal experimentations (15, 16). The 
efficiency in the performance of muscular work 
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may be increased somewhat in uncomplicated 
undernutrition (4). In realimentation, the specific 
dynamic effect of food may be exaggerated if the 
fat depots are rapidly replenished from the food 
supply. The vagueness of these statements indi- 
cates the lack of precise information on energy 
requirements in convalescence and the great need 
for comprehensive research in this field. 

The realimentation of individuals convalescing 
from disease, or injury, or underfeeding would 
seem to be largely a matter of increasing the con- 
sumption of food energy from diets properly 
balanced with respect to protein, minerals and 
vitamins. To the extent that anorexia interferes 
with this plan, advantage may be taken of the 
sensation of thirst by resorting to the giving of 
nutrients in liquid form. In special cases, and 
under proper medical supervision, insulin injec- 
tion may increase a lagging appetite. The, use of 
vitamin preparations for this purpose, such as 
liver extracts, has been attended with some suc- 
cess. The success of Jokl and associates (13) in 
the rehabilitation of undernourished men by the 
institution of a regular prescribed system of phys- 
ical exercises, accompanied by adequate nutrition, 
is impressive. Physical exercise, by its appetite- 
stimulating effect, may induce a consumption of 
palatable food in excess of that required to cover 
the increased energy expenditures and sufficient 
to induce an increase in body weight and well 
being. 

In practical life, it is important to shorten the 
period of convalescence so that the patient can be 
returned as soon as possible to productive work. 
Successful realimentation, with high-caloric and 
well-balanced diets, is an important phase in 
attaining this objective, a phase that can be ac- 
complished more successfully when more is known 
of the energy metabolism and the energy require- 
ments in convalescence from diseases and injuries 
of various types. It is important also to follow the 
progress of convalescence in order to assess the 
success of the measures used in rehabilitation and 
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in particular to detect the successful termination 
of the reparative period. Methods of measuring 
the physical fitness of the subject by observing the 
cardiovascular response to not-too-strenuous mus. 
cular exercise are available and should prove of 
service (cf. Taylor and Brozek in this Symposium), 
When the imposition of considerable muscular 
stress is inadvisable, other methods bearing upon 
energy transformations and efficiency of energy 
expenditures may be applicable. The shift toward 
normal in basal metabolism may be indicative. 
The creatinine output per unit of height or oj 
body surface responds both to a shift toward nor- 
mal in basal metabolism and to the reparative 
processes occurring in the muscles. The retum 
of muscle tonus to a normal vigor may be revealed 
by picking up and measuring the action potential 
of the muscles at definite points on the body. 
The response of the cardiovascular system and of 
the intensity of the energy metabolism to changes 
in posture from the recumbent to the sitting or 
the standing position may reveal a return to nor- 
mal health in a decreasing increment of response 
The vital capacity has proved of value when ap- 
plied repeatedly to the same patient in following 
the progress of pathological disturbances, and 
may be of some aid in manifesting the progress of 
convalescence. 

All of these methods bear more or less directly 
upon the energy metabolism in convalescence. Dis- 
turbances in energy metabolism induced by dis- 
ease and injury and the consequent bed confine- 
ment lead to an impairment in the voluntary up- 
take of food energy, to a depletion of energy 
reserves and a lowering in basal energy expenti- 
tures, and to muscular weakness and inefficiency. 
Therefore, in the rehabilitation of the convales- 
cent an item of prime importance with few excep- 
tions is the restoration of the energy metabolismto 
normal levels of performance and efficiency } 
realimentation based upon a knowledge of # 
damage inflicted. 
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Lor It has long been recognized that patients with a 
nse. MF variety of infectious diseases use protein extrava- 
ap  gantly. Most early observers (1, 2, 3, 4, 5, 6, 7, 8, 9) 
ring MH agreed that the negative nitrogen balances regu- 
and i larly observed in these conditions could be alle- 
801M viated, but not prevented, by large excesses of 
calories in the form of carbohydrate and fat. This 
ctly HM gave rise to the general opinion that they were 
Dis obligatory and unpreventable, which is reflected 
dis in the term, toxic destruction of protein. Excessive 
fine-Mm (088es of nitrogen have been reported in a variety 
Up: of other pathologic conditions: for example, after 
ergy gm ute hemorrhage (10, 11), operations and injuries 
ani (12,18, 14, 15), and in gastrointestinal obstruction 
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ue attributed Largely to starvation and inadequate 
ia feeding; in others to infection or to exudation. — 
ae Since protein is an essential constituent of tis- 
‘ b sues and cannot be replaced by other materials, 





those tissues from which it is withdrawn must pre- 
sumably suffer some deterioration. The general 
deleterious effects of protein deficiency in diseased 
aid injured subjects have been emphasized fre- 
That famine edema arose from lack 








itwas demonstrated by Kohman (22), whose obser- 
vations have been amply confirmed (23, 24). Its 
rlation to low serum protein was first suggested 
by Knack and Neumann (20). Since then it has 
been demonstrated abundantly that only the albu- 
hin fraction suffers depletion (24, 25, 26, 27). In 
the absence of hemoconcentration, reduction of 
«rum albumin is a diagnostic sign of protein defi- 
Meney (25, 26, 27). Because the variation of albu- 
Mn in normal serum is so great and because the 
Plasma volume tends to contract as the concentra- 
ion of albumin falls (24), there must be consider- 
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able depletion of protein before hypoalbuminemia 
becomes conspicuous. 

Only a small part of the protein actually sacri- 
ficed in protein starvation is derived from the 
plasma. In a dog who received’ a protein-free diet 
for a long period, Weech et al (24) found that se- 
rum albumin accounted for only 3 per cent of the 
protein lost; 18 per cent came from hemoglobin; 


.the great mass, about 80 per cent, was yielded by 


the tissues. This explains the large amounts of 
protein that are required to replace a serum pro- 
tein deficit (28). 

Studies upon the indispensability of amino 
acids, begun by Hopkins (29), Osborne and Mendel 
(30) and their associates, culminated in the demon- 
stration by Rose (31) that animals can survive, 
maintain nitrogen equilibrium and grow on diets 
in which all protein must be derived from 10 amino 
acids. Although this has been questioned by Al- 
banese and Irby (32), it has been confirmed by 
Madden et al (33) and Kinsey and Grant (34). The 
latter attribute the failure of Albanese and Irby 
to the administration of inadequate amounts of 
the 10 essential acids. 

For parenteral injection mixtures of pure amino 
acids appear to have distinct advantages over less 
refined products. Madden (33) has shown that they 
can be injected in high concentration with great 
rapidity without provoking untoward reactions, 
and that they are removed from the blood 
promptly and utilized with economy. High prices 
and scarcity, however, prohibit the general] use of 
such mixtures for clinical purposes. Hydrolysates 
of natural proteins are available. Hydrolysis by 
the conventional method with sulfuric acid and 
heat has been found to destroy a large proportion 
of certain amino acids, especially tryptophane and 
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cystine (or methionine) (35). This difficulty can be 
eliminated by conducting the hydrolysis with more 
dilute acid, especially if oxygen is excluded (36). 
As yet, however, no satisfactory acid hydrolysates 
are available. A satisfactory enzymatic hydroly- 
sate of casein and pork pancreas is on the market 
(FN).) Properly prepared solutions of this mate- 
rial can be injected intravenously without induc- 
ing pyrogenic or other untoward reactions (37). It 
has been demonstrated that this preparation, in- 
jected intravenously, is, from the nutritive stand- 
point, an effective substitute for dietary protein 
(37, 38, 39, 40). The hydrolysate can be given 
orally, but is so unpalatable that for this mode of 
administration it has no especial advantages. It 
has been given by tube into the stomach or intes- 
tine in quantities exceeding the equivalent 
amounts of protein that patients could be induced 
to eat (14, 41). It is not certain, however, that 
preformed protein could not have been given in 
equivalent amounts by tube with equally good 
results. 

In early studies the quantities of protein which 
could be given were limited by the appetites of 
patients and by the prevalent doctrine that large 
quantities of protein were injurious to sick per- 
sons. Therefore, although it was ascertained that 
toxic destruction of protein could not be prevented 
entirely by generous quantities of protein with 
large amounts of carbohydrate and fat, it was not 
determined whether the protein losses could be 
replaced by sufficiently large quantities of protein. 
The elimination of the old fear of protein and the 
presentation of protein hydrolysates suitable for 
parenteral use has permitted examination of this 
problem. 

It has been shown by Elman (37, 37a)that losses 
of nitrogen usually observed in the first 10 days 
after abdominal operations can be largely or com- 
pletely obviated by the administration of ade- 
quate amounts of protein supplemented by injec- 
tions of protein hydrolysates and glucose. It is 
impossible, however, to determine how far this 
merely prevented the inroads of starvation and 
inadequate food. Cuthbertson (12), Howard (15) 
and others (42) have found that the nitrogen excre- 
tion on the day of a simple operation, despite 
almost complete starvation, is quite low. In the 
succeeding 3 days it rises to a level distinctly 
above that usually encountered in starvation, 
reaching a peak when the patient is taking a maxi- 
mum diet, at which time the nitrogen balance 
remains negative. The duration of this protein 
destruction is, however, short; positive nitrogen 
balance with replacement of lost protein sets in 
early and the total loss of protein, if the diet is 

1FN; Amigen, manufactured by Mead, Johnson 
and Company. 
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adequate, is small. In patients with fractures 
Howard (15) has reported for larger and longer 
negative nitrogen balances that are practically un. 
influenced by raising calories and protein in the 
diet. A group of patients with fractures wasted 
nitrogen for an average of about 36 days, in which 
they lost altogether an average of more than 20) 
gm. of nitrogen, equivalent to 1400 gm. of protein, 
or 7 kg. of muscle. This phenomenon had been 
earlier noted by Cuthbertson (12). In certain 
acute infections, especially meningitis, Peters etal 
(42) have observed similar losses persisting for a 
considerable time after the acute phase of the dis- 
ease had subsided. These were not abrogated even 
when, with the aid of parenteral protein hydroly- 
sates, the intake of protein was increased, in one 
instance to 178 gm. per day. In fact the negative 
nitrogen balance was not perceptibly influenced 
by the protein intake. 

Burns represert, a special case because they are 
attended by profuse exudation of preformed pro- 
tein from the denuded skin surfaces. Presumably 
this is more or less equivalent to the direct ab- 
straction of protein from the serum. When plasma 
proteins are withdrawn by plasmapheresis it is 
possible to maintain nitrogen equilibrium and to 
prevent or mitigate hypoproteinemia by the ad- 
ministration of high grade protein (43, 44), or by 
injections of serum protein (43) amino acids or 
hydrolysates of protein (45). In nephritic patients 
with profuse albuminuria, the protein lost in the 
urine can be replaced, or at least nitrogen equi- 
librium or positive balances can be established, 
without difficulty (46, 47, 48). Reconstitution of 
serum proteins, on the other hand, is an extremely 
slow process. If the albuminuria is extreme, eX 
ceeding 10 to 15 gm. of protein per day, it is 
difficult, if not impossible to restore the serum 
albumin to normal. It may be that when serum 
albumin is withdrawn at a rapid rate in the pre 
formed state the specific process by which it is 
manufactured becomes exhausted. Some support 
for this view may be found in the observations 
that the serum albumin of patients with profus 
proteinuria and extreme hypoalbuminemia col 
tain less than the usual amount of sulfur (49) and 
have lost their antigenic properties (50). Whether 
losses of preformed protein through other channel 
ever have the same effect has not been ascertained. 
In burns the exudation of protein seldom attaili 
comparable magnitude and duration (41, 51). 

In a series of patients with burns Cope et al. (62) 
were able to replace urinary nitrogen losses with 
out difficulty when diets were taken containilg 
moderately large amounts of protein and calorié 
Taylor and associates (53, 54), on the other ban 
in 9 patients were unable to replace urinary nit 
gen with.high caloric diets containing 100 to 4 
gm. of protein per day. They found as much 884 
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gm. of nitrogen in one day in the urine of one 
patient. Neither of these groups measured the 
nitrogen in the exudates from their patient. 
Co Tui et al. (41) produced positive nitrogen 
balances (estimated from urine and diet) in 3 
severely burned patients by giving enormous 
quantities of protein and protein hydrolysates by 
stomach tube. Their positive balances must also be 
discounted because exudates were only incom- 
pletely analyzed in sporadic periods; but these 
could hardly have accounted for the large ap- 
parent storage. In one instance weight and serum 
albumin deficits did not rise until dietary protein 
was increased to 300 and 400 gm. per day, of which 
200 and 250 gm. per day, respectively, were re- 
tained. The authors imply that these quantities of 
protein were required, but the urinary nitrogen 
figures in none of their cases indicate excessive 
nitrogen catabolism. The large retentions of pro- 
tein can only mean that the patients had suffered 
antecedent protein depletion and were still 
wasting protein in their exudates. Browne (55)and 
Hirschfeld (51) and their associates, like Taylor 
and his group (53, 54), were unable to prevent loss 
of nitrogen in the urine, neglecting the extra dis- 
charge in exudates, in the period immediately 
following severe burns. Supplementary protein 
hydrolysate was altogether wasted (55). In later 
stages, when the patients were greatly under- 
nourished, these burned patients, like Howard’s 
(15) fracture cases and the reviewer’s (42) subjects 
with acute infections, gradually came into nitro- 
gen equilibrium and finally established positive 
balances. In this state, when they suffered renewed 
trauma or developed infections, some of Browne’s 
(65) patients continued to store nitrogen. The 
impression is acquired that a healthy man sub- 
jected to acute infection or injury suffers protein 
depletion that cannot be prevented by any dietary 
measures thus far discovered. On the other hand, 
the subject who is malnourished and who has al- 
ttady been depleted of protein can summon certain 
tonservative processes that permit him to utilize 
protein for the reconstruction of tissues. This may 
explain why Shaffer and Coleman (3) obtained 
titrogen equilibrium during a typhoid relapse in 
&patient who had consistently a negative balance 
in earlier stages of the disease. It accounts for 
the comparative ease with which positive balances 
tan be established in pulmonary tuberculosis (56) 
and in chronic infections (42). It may also explain 
the contradictory reports of protein metabolism in 
burns and operations. Success or failure in estab- 
lishing positive nitrogen balances depends on the 
ititial state of the subject. The unprecedented 
‘nounts of nitrogen retained by Co Tui’s burned 


The significance of this accelerated protein 
catabolism after injury is not clear. That absorp- 
tion of protein is unimpaired is attested by in- 
numerable analyses of stools (1, 2, 3, 7, 15, 42). 
In any case impaired absorption could not explain 
excessive urinary nitrogen nor failuré to utilize 
parenteral hydrolysates. The tradition that in- 
activity leads to atrophy of disuse is supported by 
no objective evidence. The literature is full of 
records of normal men who have been kept in 
nitrogen equilibrium in bed. Both Howard (15) 
and the author (42) have records of nitrogen 
equilibrium in preoperative periods of patients 
who had negative balances after operations. 
Howard (15) found that paiients subjected to 
osteotomy wasted less nitrogen for a shorter time 
than those with traumatic fractures, although 
the limbs of both were equally immobilized and 
apparently atrophied to the same extent. The old 
concept of deposit protein, a moiety of carelessly 
expendable protein that plays a minor role in the 
physiological economy, has been much discredited 
in recent years. To revive it now is hardly ap- 
propriate since in this catabolic phase of injury 
exogenous protein seems to suffer the same degra- 
dation as endogenous. For the same reason the 
conception that the nitrogen losses are only a 
manifestation of destruction of tissue, local or 
general, under the influence of toxins or other 


noxious products is hardly satisfactory. Synthesis 


of protein seems to be in abeyance. Apparently 
perfectly good amino acids and other products are 
no longer used. The duration and the intensity 
of the inhibition appear to vary directly with the 
severity of the injury and to be inversely related 
to the state of nutrition. 

The destruction of protein cannot be attributed 
merely to accelerated energy expenditure or heat 
production, since high caloric diets protect pro- 
tein both in exercise (7) and in hyperthyroidism 
(8, 9, 57, 58). It is not related to the degree of 
febrile reaction. Graham and Poulton (59) found 
that nitrogen catabolism was not augmented by 
artificial fever induced by placing a subject in a 
hot box. Protein wastage was observed during 
recovery from meningococcus meningitis when the 
temperature was not elevated (42, while storage 
was obtained in febrile patients with chronic in- 
fections (42) and pulmonary tuberculosis (56). 

It is conceivable that the course of protein 
metabolism is distorted after injury, perhaps that 
certain amino acids are diverted from their normal 
paths during the processes of repair. A few avail- 
able analyses indicate that the extra urinary 


nitrogen is chiefly urea (7, 8, 12, 55). If the limiting 


factor were a particular amino acid it should be 
possible to break down the barrier to synthesis by 
increasing the quantity of protein given. Trans- 
fusions of whole blood by Cope (52) did not in- 
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crease urinary nitrogen. In one instance Browne 
(55) found that the protein of plasma infusions 
was retained, whereas the protein of hydrolysates 
was not. Blood and plasma in these circumstances, 
however, may have been used to replace specific 
deficiencies of blood elements, thereby evading 
the metabolic processes to which other proteins 
and amino acids were subjected. Neither blood nor 
plasma appear to be efficient sources of protein for 
general nutritive purposes, compared with hydro- 
lysates of high class protein, although they 
specifically correct anemias and plasma protein 
deficits. 

Howard (15) has made the curious observation 
that throughout the period of nitrogen loss potas- 
sium is stored. The positive balances are astonish- 
ingly large, in one case over 1300 millimols, equal 
to more than 20 per cent of the potassium in the 
total body fluids of a normal man. 

It has been suggested that certain ketosteroids, 
since they promote protein synthesis, be used to 
combat the nitrogen wastage in disease (60). In- 
creased urinary excretion of ketosteroids has been 
reported after injuries (51,61). It has been claimed 
that testosterone will reduce urinary nitrogen in 
injured persons (60). The evidence is, however, 
conflicting (62). Differences may arise from failure 
to distinguish between the early destructive stage 
and the later anabolic stage. 

It comes as something of a shock to learn that 
the proteins of the healthy person are more vul- 
nerable than those of the wasted individual. It 
suggests that this wastage may be associated with 


the process of repair rather than the destruction 
arising from the initial injury. It may justly be 
inquired whether serious efforts should be made to 
feed large quantities of protein in the early 
catabolic stage of disease or after injury, if it isa 
nutritive futility. A definite answer to this ques- 
tion must wait upon further knowledge. It would, 
however, be unfortunate not to take advantage of 
the heightened synthetic powers in the subsequent 
reconstructive stage. So long as the point of transi- 
tion cannot be determined by any simple method, 
it seems preferable to risk early extravagance 
which has no obvious deleterious effects, than to 
prolong parsimony into a period in which it may 
delay rehabilitation. Reason may be exercised in 
feeding. Administration of large excess of protein 
(more than 100 to 125 gm. daily) immediately after 
injury is not indicated until some means is found 
to circumvent its immediate destruction; but 
throughout disease to provide generous supplies 
of food with adequate protein will insure against 
prolongation of malnutrition. The destructive 
phase of protein metabolism appears to vary with 
the severity of the injury (12, 15). After simple 
operations, minor traumatic insults or infections 
nitrogen losses may be minimized and restoration 
accelerated by early generous feeding. The 
initially debilitated individual certainly deserves 
vigorous administration of protein and calories 
from the first because his capacity to utilize pro- 
tein for the reconstitution of his tissues does not 
seem to be impaired. 
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BONE METABOLISM 
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A résumé of all knowledge of bone metabolism 
which might conceivably have some bearing on 
problems of convalescence, entirely aside from 
its burdensome length, would be difficult to pre- 
pare on account of the numerous disagreements in 
the literature. Furthermore, many of the investi- 
gations have given results which are applicable 
nly in special and restricted circumstances or 
tefer to conditions which can be produced only in 
animals under experimental conditions. If, on the 
sther hand, the discussion were confined to 
matters of proven clinical usefulness, only a very 
limited set of indefinite recommendations could 
be offered. The only useful function which this 
eview cam serve is to describe the needs for further 
*xplorations in this field and to indicate, in some 
“ses, the methods by which the information 
hight be sought. An attempt will be made to treat 
some degree the following topics: (a) General 
§etabolie consequences of fractures, (b) Factors 


influencing fracture healing, and (c) Disuse 
atrophy of the skeleton. 

Metabolic consequences of fracture. In spite of a 
very considerably body of evidence for a contrary 
opinion, the mature skeleton was frequently re- 
garded as being outside the pale of metabolism 
until the studies employing radio-active isotopes 
presented direct proof of the constantly occurring 
exchange of the elements of the bone salt. If the 
metabolic activity of bone is recognized, it follows 
as a natural consequence that the skeleton can 
suffer deleterious effects as a result of changes 
from the normal of those factors which influence 
bone. While the metabolically induced alterations 
of mature bone are, in general, produced at a com- 
paratively slow rate, these changes may become of 
consequence during a prolonged convalescence 
from disease or injury. The fact that bone exhibits 
a metabolic activity has another corollary; 
namely, that trauma or infection primarily affect- 





202 


ing bone may also induce alterations in the metab- 
olism of extra-skeletal tissues. 

Cuthbertson (1) investigated the disturbances 
of metabolism produced by fractures of the bones 
of the limbs and found an approximate correlation 
of the extent of the heightened metabolism with 
the severity of the lesion. After an initial period of 
depressed function immediately following the 
fracture in which the heat production and body 
temperature were diminished, there occurred a 
period of increased metabolic activity. In the 
latter period, of variable length with individual 
patients but lasting several days, there was an 
increased basal consumption of oxygen and an 
elevation of body temperature. Coincident in on- 
set and paralleling in time the increased oxygen 
consumption, there was a considerably increased 
excretion of urinary nitrogen. The maximum out- 
put of nitrogen usually occurred during the fourth 
to eighth day following the injury and then slowly 
declined. In one case the total loss of nitrogen over 
a ten day period was 137 grams, a quantity which 
was stated to be equivalent to 7.7 per cent of the 
total body nitrogen. Accompanying the increased 
rate of metabolism and augmentation of nitrogen 
excretion was an increased urinary output of 
sulphur, phosphorus, and to a lesser extent, po- 
tassium (2). The excretion of sodium was little 
affected and the creatinuria which developed and 
paralleled the rise in total nitrogen excretion was 
accompanied by little change in creatinine output. 
It was Cuthbertson’s impression that the wasting 
of muscle and bone caused by immobilization of 
the limb was a contributory factor to the height- 
ened catabolic phenomena but not their sole cause 
(2). The fever in itself was not believed to be the 
primary cause of the metabolic disturbances since 
it rarely exceeded 2°C. above normal temperature 
and because cases of pneumonia observed: before 
and after the crisis failed to exhibit catabolic 
effects in excess of those noted in severe injuries 
to the limbs. Cuthbertson (2) attempted to in- 
fluence the negative nitrogen balance of fracture 
cases by adding to the basal diet, which contained 
sufficient protein for the nutrition of the normal 
adult, meat extracts (Bovril), amino acids (gly- 
cine and l-cystine), and proteins (gelatin and 
sodium caseinate). By increasing the daily nitro- 
gen intake to the order of thirty grams through 
the addition of sodium caseinate to a basal diet of 
high calorié value, some reduction in the negative 
balance was observed. However, at the height of 
the catabolic disturbance even these diets failed 
to prevent the loss of body protein. 

Cuthbertson (3) has also investigated the in- 
fluence of massage and passive movements of the 
injured limb on the nitrogen excretion of both 
adult and young fracture patients. Four persons 
aged 34 to 59 years received such treatments ap- 
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plied daily for twenty minute periods beginning 
relatively late in the period of convalescence (18th 
to 46th day following the fracture). The daily 
nitrogen excretion was reduced by 0.55 to 2.62 
grams beginning almost immediately following 
the institution of the physical therapy measures. 
It is not clear what the nitrogen balance of these 
patients was at the time the treatments were 
started. However, in the case of normal uninjured 
adults (4) no such effect, produced by massage, 
on nitrogen excretion was observed. It can, there- 
fore, be presumed that the results obtained by 
Cuthbertson with the fracture cases were in some 
way associated with the metabolic state of these 
individuals or that the physical therapy measures 
influenced nitrogen retention in the injured limb. 
Some indication was also obtained that an in- 
creased retention of sulphur and phosphorus re- 
sulted from massage and passive movement of an 
injured limb. These observations indicate the need 
for further investigations, employing complete 
balance studies, of the influence of massage and 
other physical measures on the excessive catab- 
olism of fracture cases. It should also be deter- 
mined how early in the period of convalescence 
these effects can be produced. It is, of course, al- 
ready recognized that physical therapy is a valu- 
able adjunct in the convalescent treatment of 
fractures of long bones and of serious injuries to 
the soft tissues of the limb, since these forms of 
treatment contribute to an earlier and more com- 
plete recovery of function of the injured limb. 
However, if it should turn out that an important 
reduction in the catabolic disturbance could be 
effected by massage and that this result is of 
benefit to the patient, added emphasis wouldbe 
directed to the desirability of planning the treat- 
ment of each case so as to allow the earliest pos- 
sible use of the methods of physical medicine. 
There was some suggestion from the relation 
of the quantities of extra output of nitrogen, sul- 
phur, phosphorus, and potassium in the urine of 
fracture patients that muscle and probably bone 
were being catabolized (1). This point was mort 
directly investigated by employing rats which 
were sacrificed ten days following an ¢& 
perimentally produced comminuted fracture of 
one femur (5). The lesser weight of the injured 
limb was insufficient to account for the total 
weight loss of the animals and the nitrogen 1os 
from the muscles of the injured limbs (calculated 
from the weight lost by the limb and the nitroge 
content of muscle) was only. a small fraction of the 
total nitrogen lost by the entire organism. It thu! 
appears that protein tissue other than that in the 
affected extremity contributes to the extra outpl! 
of nitrogen. About four-fifths of the observ 
weight loss of the animals, averaging 17 grall® 
could be accounted for by assuming that the exce 
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nitrogen output was derived from catabolized 
muscle. The remainder of the weight lost was pre- 
sumably derived from the reserves of carbohydrate 
and fat. These animals were fed a diet which was 
just sufficient to maintain body weight before the 
injury. When this diet, supplied to animals with 
fractured femora, was supplemented with cane 
sugar fed ad libitum, the initial body weight was 
almost retained’and the animals ended the ten 
day period with a slight gain in nitrogen over that 
lost in the excreta. The atrophy of the muscles of 
the injured limb was reduced to some measure but 
was not completely prevented by the dietary car- 
bohydrate supplements. It thus appears that 
nitrogen may be lost from two general sources 
during convalescence from fracture: (1) A general 
increase in protein catabolism of the tissues ac- 
counting for the major loss of nitrogen, and (2) 
Autolysis at the site of injury and atrophy of the 
uninjured muscles of the fractured limb. The 
authors of the paper under discussion recom- 
mended as-good clinical practice the feeding of the 
maximum possible intake of energy producing 
foods to injured patients as a means of sparing 
the catabolism of the tissue proteins which would 
otherwise occur. ; 
Howard and his co-workers have carried out ex- 
tensive balance studies with fracture cases.! These 
observations permit further definition of the ex- 
tent and time relations of the metabolic disturb- 
ances of convalescent fracture patients. Even 
though the collections could. not be started for 
three days to one week following the injury, the 
average amount of nitrogen lost by five patients 
before nitrogen equilibrium was established was 
189 grams. The average duration of the period of 
legative nitrogen balance was 33.6 days and the 
waximum rate of protein catabolism was usually 
observed to occur within the first week following 
injury. 
Howard’s investigations demonstrated a cata- 
bolic disturbance of fracture patients which was 
@ Wt observed by Cuthbertson, namely that a very 
considerable negative calcium balance also occurs. 
The urinary calcium excretion rose gradually as 
the rate of nitrogen excretion fell and reached its 
taximum only after the third to fifth week follow- 
ing the injury. This maximum excretion of calcium 
¥as thereafter maintained for several weeks and 
Vv 
‘This work has been described in a preliminary 
lishion in the minutes of the 2d, 3d and 5th meet- 
ngs of the Conferences .n Metabolic Aspects of 
Convalescence Including Bone and Wound Heal- 
Ng sponsored by the Josiah Macy Jr. Foundation. 
‘tese minutes have had only a restricted circula- 
mand for the present are of the nature of a per- 
"ual communication. Dr. John E. Howard has 
ven this writer permission to refer to his work. 
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varied between 350 and 800 mg. per day among the 
individual patients. Because of the appearance of 
the charted data, the period of constancy of in- 
creased calcium output is referred to as the 
“plateau of calcium excretion.’’ The influence of 
factors which might affect calcium excretion and 
balance was studied in several patients after they 
had been observed to enter the plateau of excre- 
tion of this element. By increasing the calcium 
content of the basal diet from a daily intake of 
250 mg. to an intake of two grams, several patients 
were put into a state of positive calcium balance, 
or the negative calcium balance was very much 
lessened. This saving of calcium to the organism 
by high intakes of the element was secured with 
only slight increases in urinary calcium excretion. 
This last observation would appear to indicate 
that the feeding of diets high in caicium would 
not contribute to the formation of renal calculi in 
patients immobilized for the treatment of frac- 
tures. The effect of high calcium intakes in con- 
verting the state of negative balance to one of es- 
sential equilibrium was obtained whether the 
calcium was supplied either in the form of milk 
or calcium lactate. There was no evidence which 
could be secured in these investigations as to 
whether the calcium stored on the high calcium 
intakes contributed in any way to the bony union 
of the fracture. 

~ Howard has continued his balance studies for a 
considerable time after nitrogen equilibrium was 
established and has noted that the protein lost dur- 
ing the period of negative nitrogen balance is only 
slowly recovered. Even though the patients in- 
gested 110 grams of protein in a daily diet of 2800- 
3000 total calories, they recovered, in a period of 
upwards of sixty days, only about thirty grams of 
approximately 200 grams of nitrogen which they 
had lost. 

The metabolic effects described above are not 
unique to fracture cases as practically all are seen, 
although perhaps modified in degree, in other 
severe traumatic injuries and in many debilitated 
states. The important point of reference is that 
these effects do occur in recovery from skeletal 
injuries. Their influence on the healing process 
and their relation to the general physiological 
welfare of the patient have not been assessed. 
Munro and Cuthbertson (6) found that nitrogen 
starved rats did not exhibit an increased nitrogen 
excretion following fracture. These authors were, 
therefore, inclined to the belief that the excessive 
output of nitrogen following injury of a normally 
fed animal arises from storage protein and not 
from essential body tissues. Howard! has noted, 
in the case of a patient whose protein intake was 
very low, a result very similar to that observed 
by Munro and Cuthbertson. Even if the ‘‘deposit 
protein’”’ is the source of the excreted nitrogen, a 
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supposition which is not entirely proved, there is 
no assurance that the depletion of the more labile 
body proteins is without influence on the welfare of 
the patient. 

Roche and his co-workers have described the 
osseous system as acting as a physiological unit. 
In animals a general increase of the phosphatase 
activity of the skeleton was noted after the frac- 
ture of one bone. The corresponding intact bone 
of the opposite side showed the same chemical 
changes of decalcification and recalcification as 
the fractured bone but to a lesser extent (7). 

Fracture healing. A description, differing in some 
major respects from the older concepts, of the 
process of fracture healing in man has been given 
by Urist and Johnson (8). Their material for 
study was the biopsies taken at various times after 
the injury of forty-eight cases of normally healing 
fractures. This process consists essentially of the 
following successive stages: (1) The pro-callus 
which is the organizing hematoma and highly vas- 
cular granulation tissue, (2) The fibrocartilaginous 
callus—a translucent mass of dense fibrous connec- 
tive tissue, fibrocartilage and cartilage derived 
from the undifferentiated connective tissue cells, 
aud (3) The bony callus. The bony callus first 
makes its appearance on the endosteal and sub- 
periosteal surfaces of the fracture ends and ad- 
vances to bridge the fracture gap by replacing the 
fibrocartilaginous callus. 

UVucilizing methods which permit, in young or 
rachitic animals, the sectioning for microscopic 
study of undecalcified bone, Urist and McLean 
(9) studied the processes of fracture healing in 
rats. In normally fed animals the bone matrix 
which replaces the fibrocartilaginous callus calci- 
fies as rapidly as it is formed. In rachitic animals, 
as a result of a disturbance of the calcification 
mechanism, the matrix remains uncalcified for a 
time. It is therefore to be emphasized that the 
appearance of what has been referred to as ‘‘physi- 
ological osteoid”’ is a result of sub-optimal condi- 
tions for fracture calcification. The healing of 
fractures in rachitic rats is further complicated by 
encapsulation of the callus cartilage in a dense 
mass of fibrous tissue or fibrocartilage which forms 
a barrier to the advance of uncalcified osseous 
tissue. In man, in contrast to normal rats and 
presumably other lower animals, a lag in the calci- 
fication of the matrix is the rule rather than the 
exception. This delay of calcification may be at- 
tributed to a rate of osteogensis greater than the 
rate at which the calcification mechanism can oper- 
ate at the low level of serum phosphate in all indi- 
viduals except infants and very young children. 

When rachitic rats bearing a fracture were 
treated by a single parenteral administration of a 
phosphate solution, prompt calcification of the 
osteoid of the callus was initiated provided the 
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interval of time between the fracture and the phos- 
phate treatment was not sufficient for the barrier 
of fibrous tissue to develop about the callus (9). 
In the latter case, a delay of some days in the 
initiation of calcification of the callus cartilage 
occurred even with repeated administrations of 
phosphate. 

These observations are quite clear in demon- 
strating that disturbances and delay of fracture 
healing may result from deficiencies of the calci- 
fication mechanism, and they may have some bear- 
ing on problems of delayed union and non-union 
of fractures in man. It would appear that the logi- 
cal attack on these problems should be begun early 
following the injury in an effort to prevent the 
alterations of callus structure which follow delay 
in calcification. If the more feeble mechanism for 
calcification possessed by the adult human, in 
contrast to that of young children, infants and the 
rat, is in fact due to the lower inorganic phosphate 
of the plasma, an obvious way to correct the de- 
ficiency of the adult would be suggested, namely 
phosphate therapy. Somewhat against the proba- 
bility of success attending phosphate administra- 
tion is another observation of Urist and Mclean 
(9). They found that fractures of adult rats which 
had been fed for ten weeks on a rachitogenic diet 
previous to the injury healed with only a slight 
lag in the calcification of the callus. In these ani- 
mals, minerals mobilized from the skeleton were 
sufficient to provide for bony union at a nor- 
mal rate. 

Since the various forms of the provisional callus 
and its matured form, the calcifiable matrix, are 
composed of proteins it is conceivable that delay 
of fracture healing may be related to quantitative 
or qualitative disturbances of protein anabolism. 
From a clinical viewpoint, the consolidation of 
the fracture is a valuable criterion for arriving a 
a judgment as to when the fractured bone may be 
returned to function. Some fracture surgeons ¢%- 
press the opinion that clinical consolidation is 
determined to an important degree by firm soft 
tissue union since roentgenograms frequently fail 
to show demonstrable bony callus when consoli- 
dation is present. Nevertheless, it is probable 
that union can be considered to be present only 
when newly deposited bony callus (compact bone 
and spongiosa) repairs the defect in the shaft (8). 
The similarity of density of the newly deposited 
bony callus and a thick layer of muscle accounté 
for the frequent failure to visualize the partially 
and newly calcified callus on clinical roent 
genograms. 

If some recognized or subtle alteration of pl 
tin metabolism should prevent or delay the seré 
of changes in the soft callus preliminary to the 
development of the matrix, union would be inter 
fered with to a proportionate degree. While the 
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factors should be given some consideration, it 
appears that very severe modifications of the 
protein stores are required to interfere with frac- 
ture healing. Rhoads and Kasinskas (10) by lower- 
ing and maintaining the plasma protein level of 
dogs to approximately 4.0 grams per 100 cc by re- 
peated plasmapheresis, produced a definite re- 
tardation in the formation of the bony callus in 
defects in the ulnae. 

The literature of clinical medicine describes 
numerous claims for methods to improve the rate 
of fracture healing by medical methods (as ad- 
juncts to the surgical methods of reduction and 
immobilization). However, the great variety of 
circumstances attending fractures and their heal- 
ing in the human, the near impossibility of the 
control of many of these factors in patients, as 
well as the fact that the results must be estimated 
by non-objective means have prevented adequate 
evaluation of any of the proposals for improving 
the medical management of fractures. Certainly 
it is fair to conclude that the results have not 
been sufficiently impressive to cause any of these 
methods to be accepted as of demonstrable value 
in the regimen of fracture therapy in other than 
the exceptional case. Studies with experimental 
animals ‘have likewise not been fruitful in pro- 
ducing any therapy which accelerates the healing 
of fractures in normal animals fed an adequate 
diet. No proven correlations. of the content of 
serum calcium, inorganic phosphorus, or alkaline 
phosphatase activity with delay in fracture cal- 
tification in the adult human (8) or normally fed 
experime ital animals have been demonstrated. 
Mention has been made above to the effect that 
the lower normal inorganic phosphorus of the 
plasma of adults may be related to the more feeble 
ability of adults, in contrast to young children 
and rats, to calcify the fracture callus. It may 
be mentioned in this connection that the delay in 
calcification of the matrix in rachitic rats has 
been correlated with the lowered plasma inorganic 
phosphorus (11). 

The fact that nothing of demonstrated worth for 
influencing the healing of the usual fracture has 
been discovered does not prove that this is an im- 
possible task or justify a complacency in the ac- 
teptance of the belief that a certain time, as de- 
‘ermined from the observation of previous similar 
tases, is required for the union of a given fracture 
ofa particular bone. If the period of healing of the 
Werage fracture case could be reduced by even 
‘en per cent a very appreciable saving in the period 
of hospitalization and the benefits of an earlier 
‘turn to function of the injured bone would 
result. 

; For reasons mentioned above, it does not appear 

kely that methods for the improvement of frac- 
lure healing can be systematically investigated in 
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the human. Although it might appear that these 
problems could be easily attacked using experi- 
mental ‘animals, a number of difficulties of pro- 
cedure and interpretation of results are ex- 
perienced. An acceptable method for use in the 
investigation of factors influencing fracture heal- 
ing must satisfy at least the following require- 
ments: (a) a uniform lesion must be produced 
among the several animals, and (b) the degree of 
healing must be determined by objective methods. 
Most of the studies which have been reported have 
employed methods which have failed to satisfy one 
or both of these requirements. Some consideration 
must be given to what is meant by fracture heal- 
ing. An important clinical criterion is sufficient 
consolidation of the fragments to allow use of the 
bone. If it be accepted that consolidation or union 
is conditioned by the degree of calcified tissue 
bridging the fracture defect, a determination of 
the state of calcification of the callus would furnish 
one quantitative method for defining the state of 
experimental fracture healing. Direct estimations 
of the degree of consolidation have been carried 
out by measuring the resistance of the fractured 
bone to deformation about the fractured site by 
bending, torsion, and tensile forces, and by de- 
termining the force required to refracture the 
bone. One group of workers employing these 
methods used the rat fibula (12) which is fused at 
its lower end to the tibia and another group the 
rabbit ulna (13). The rat fibula and one of the two 
forearm bones of other animals are convenient for 
the study of fracture healing since no splints or 
other apparatus are required to hold the fragments 
in apposition and alignment. 

The production of a uniform and reproducible 
fracture defect practically requires that it be 
produced by open operation. Some investigators 
have cut or broken the rat fibula (12), (15) or the 
ulna (13) or radius (14) of other animals or re- 
moved a segment of the ulna (10). Bourne (16) 
drilled a small hole through one cortex of the rat 
femur and determined the degree of healing by 
estimating the relative area of bone trabeculae in 
sections cut through the healing lesion and pre- 
pared for microscopic examination. 

This writer has used lesions prepared by 
trephining a three-sixteenth inch hole through the 
entire shaft of the humerus of the dog (17). At 
this operation a biopsy of the bone practically 
equivalent to the entire volume of bony defect is 
obtained. After an arbitrarily chosen period of 
twenty-one days, during which one or another 
experimental regimen is applied, the animals are 
sacrificed. The entire contents of the hole are 
removed with the same instrument as was used in 
the production of the defect. The total quantities 
of calcium, phosphorus and nitrogen are deter- 
mined in the biopsy and in the partially healed 
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The cause of disuse atrophy of the skeleton has 
not been explained, although it is probably a 
condition in which bone formation fails to keep 
pace with bone resorption. In this connection the 
high rate of urinary calcium excretion and nega- 
tive calcium balance of fracture patients observed 
by Howard et al. may be recalled. This circum. 
stance might be expected to accentuate the degree 
of disuse atrophy produced by immobilization. 
No very great clinical significance has been at- 
tached to ordinary degrees of disuse atrophy. It 
has recently been reported that biopsies of frac- 
tures of ambulatory patients showed about the 
same quantity of uncalcified osteoid as those of 
partially or totally immobilized patients (8). 


bony defect. The degree of healing is described 
in terms of the amounts of each of these three ele- 
ments found in the healing lesion as a fraction of the 
quantities of the same elements in the biopsy. 
A very considerable variation in the degree of 
healing, as denoted by calcification, has been ob- 
served among individual animals fed the same 
diet. However, when this type of experimental 
fracture is produced in each humerus of the same 
dog at one operative session, the degree of healing, 
as defined above, observed in the two bones has 
usually agreed within a much smaller variation 
than is noted among the various animals. It thus 
appears that some systemically operating factor 
is responsible in some measure for the degree of 
calcification of the callus and accounts for the vari- 
ation of the results among individual animals. 


Disuse atrophy of the humerus in the rat 
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This factor which determines the degree of calci- 
fication is not related to the dietary intake of 
minerals or protein since the animals were fed a 
uniform adequate diet in an amount in proportion 
to their body weight. Furthermore, essentially the 
same results were obtained when the animals were 
fed diets with the calcium present in various states 
of combination or when the diets were practically 
devoid of this element. What results would be ob- 
tained under conditions of other or multiple 
dietary deficiencies, or with healing periods longer 
than twenty-one days, have not been determined. 

Disuse atrophy. Atrophy of bone in the adult is 
manifested by a general wasting of the cancellous 
trabeculae and cortex of the involved bones. The 
volume and size of the bone and its composition 
with respect to the proportions of mineral and or- 
ganic phases are not altered from the normal 
(18, 19); bone atrophy is in fact osteoporosis. 
The atrophy may be local or generalized and when 
generalized may result, among other causes, from 
inadequate intakes or from faulty absorption of 
calcium and phosphorus, from ammonium chloride 
acidosis, or parathormone injection. Marked de- 
grees of atrophy are difficult to produce in adult 
animals by deficient intakes of calcium. The bones 
of adult rats fed for 220 days on a diet containing 
0.007 per cent calcium and free of vitamin D 
suffered a reduction of only ten per cent in the 
contents of calcium and phosphorus per unit 
volume of bone (19). 

In addition to other causes, atrophy of a part 
of the skeleton occurs as an accompaniment of 
disuse following paralysis or immobilization of a 
limb. This type of bone atrophy may be marked 
since it is frequently observed on clinical roent- 
genograms and it occurs in bones which, although 
not injured, are immobilized incidental to the 
treatment of a fracture of another bone. Whether 
significant degrees of skeletal atrophy can result 
from prolonged rest in bed or from inactivity due 
to debilitating disease has not been described. 
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It was concluded that increased excretion of cal- 
cium, associated with immobilization or atrophy 
of bone, is not responsible for the delay of calci- 
fication of the callus in man. However, these 
ambulatory patients all bore casts so that the 
factor of disuse atrophy was present in at least the 
healing bone. Fractures of rabbits in which 
skeletal atrophy was produced by starvation wert 
retarded in healing and the mineral phase whieh 
was first laid down was later absorbed (20). How: 
ever, in young rats bony atrophy caused by lo¥ 
calcium intake was accompanied by essentially 
normal fracture healing (18). 

A simple and adequate means for the investig* 
tion of factors influencing disuse atrophy ca 
by paralysis in the mature rat is available (21). 
The nerves of the brachial plexus are sectioned U2" 
laterally in the axilla. After an arbitrarily chose? 
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period of twenty-one days following this operation 
the animals are sacrificed. The dry, fat-free weight 
and ash weight of the humerus of the paralyzed 
sm are compared with the corresponding figures 
pertaining to the humerus of the normal limb. 
It was demonstrated in confirmation of previous 
york (22) that no significant differences of weight 
or ash content exist between the right and left 


207 


humeri of normal, unoperated rats. Table I pre- 
sents some selected data which have been obtained 
in this study of disuse atrophy. If the not incon- 
ceivable assumption is made that some of the 
factors which affect disuse atrophy might have 
an influence on fracture healing this method might 
be of use in a search for forms of therapy to ac- 
celerate the latter process. 
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VITAMIN NUTRITION IN CONVALESCENCE AND REHABILITATION 
ANCEL KEYS anp OLAF MICKELSEN 


The Laboratory of Physiological Hygiene, University of Minnesota, Minneapolis, Minnesota 


Diet has always held a prominent place in pro- 
sams for convalescence and it would be expected 
that modern knowledge of the vitamins should 
fave important applications in this field. Detailed 

ta are not available but it is certain that vita- 
tins, either prescribed or self-selected, are widely 
sed by patients whose primary disease has run 
‘8 course or has been arrested. 

The potential importance of the subject need 
Lot be gauged by the fact that the current interest 
vitamins has produced remarkably little ac- 
*ptable evidence for their clinical value except 
"conditions of definite avitaminosis. The present 
"scussion is intended to examine the rationale for 


special attention to vitamins in convalescence and 
to clarify the needs for critical researches. Space 
does not allow discussion of neoplasms, virus in- 
fections, pregnancy and lactation or the special 
problems of infancy and childhood. Only passing 
reference can be made to vitamin deficiency in 
the pathogenesis of disease (132). 

Obviously any convalescence program should 
provide for the immediate correction of any exist- 
ing vitamin deficiencies and ensure that subse- 
quent deficiency does not develop. Frank de- 
ficiencies should be recognized readily. The real 
problems have to do with the recognition of 
deficiency in the complicating presence of other 
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disease, the provision of vitamins which may be 
needed in the repair of disease or injury, the com- 
pensation for defects in metabolism or absorp- 
tion of vitamins, the possible enhancement of re- 
sistance to infection, and provision for possible 
special requirements to allow maximal restoration 
of ‘‘fitness’’ in the patient. 

It is essential at the outset to differentiate be- 
tween the clinical and the scientific problems. 
Practices which are little supported by valid 
scientific data may be justifiable from the view- 
point of clinical conservatism. If there is no ob- 
vious risk or difficulty in administering large 
dosages of vitamins then it may be argued that 
these should be prescribed without proof of their 
utility. Much is made of this reasoning by some 
enthusiasts. On the other hand, the indiscriminate 
advocacy of “‘shotgun’’ vitamin supplementation 
discourages discovery of specific needs and may 
defeat its own purpose because of the practical im- 
possibility of applying massive general vitamin 
supplementation to all patients. There is another 
aspect. It is not impossible that high dosages of 
vitamins may produce metabolic alterations 
which are not adapted to the specific repair pro- 
cesses in disease. Thought should be given also to 
the possible acceleration by superabundant vita- 
min supply of degenerative changes and the sup- 
port of the metabolism of invading micro- 
organisms. 

There is a dangerous tendency to facile reason- 
ing from experience with frank vitamin deficiency 
disease. The common complaints of the convales- 
cent—weakness, anorexia, depression, constipa- 
tion, ‘‘nervousness’’—have their counterparts in 
one or another avitaminosis but their treatment 
by similar therapy on this ground alone is not 
warranted. 

General functions of the vitamins. In general, 
vitamins function as essential components of 
enzyme systems or of the physico-chemical archi- 
tecture of living cells. It would be expected, then, 
that the requirements would be related, respec- 
tively, to the kind and intensity of the metab- 
olism, or to the kind and amount of tissue to be 
maintained or formed. Some members of the B 
complex are known to be involved in energy 
metabolism while vitamins A and D are more 
specifically related to tissue growth. Accordingly 
it might be suggested that the needs of the con- 
valescent could be estimated for categories of 
vitamins from a consideration of the purely meta- 
bolic needs, on the one hand, and the needs for 
new cell formation on the other. 

Clear differentiation between enzymatic and 
structural functions cannot be established, how- 
ever. The living cell is undoubtedly dependent 
on enzymatic reactions for the maintenance of its 
structure. From chemical considerations it must 
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be believed, for example, that ascorbic acid sig. 
nificantly participates in metabolic reactions but 
its specific place in collagen formation suggests a 
primary structural function. 

The fact that different tissues of the body nor- 
mally exhibit characteristic differences in their 
content and dependénce on the several vitamins 
raises several questions. Should the convalescent 
who has suffered damage to particular organs re- 
ceive supplements of the vitamins in proportion 
to their normal concentrations in those organs? 
Or should therapy with specific vitamins be in- 
stituted for lesions involving particular organs 
or functions because these are especially sus- 
ceptible to damage in the absence of those vita- 
mins? It must be realized that the rationale of 
vitamin administration in disease has apparently 
been based on such ideas in many instances. 

There is no acceptable evidence that healing 
and regenerative processes in general are expe- 
dited by large supplies of vitamins except where 
there has been previous definite deficiency. In- 
deed, it is remarkable that only severe states of 
deficiency seem to exert markedly adverse effects 
on such processes. We must conclude at present 
that simple new tissue growth makes no extra- 
ordinary demands for vitamins. 

A distinction between the presumed different 
functional destination of the several vitamins has 
been recognized in recent recommendations for 
vitamin intake, including those of the National 
Research Council (89, 99). The recommended 
intakes of thiamine, riboflavin and niacin are 
roughly in proportion to estimated metabolism, 
whereas those of vitamin A and ascorbic acid are 
related more to body size, i.e., to the mass of 
living tissue. There are no authoritative recon- 
mendations for vitamin intakes in convalescence. 

General bases for vitamin administration. The 
evaluation of the vitamin nutritional status in 
the individual is fraught with difficulty. Labora- 
tory analytical methods, except for ascorbic acid 
and vitamin K (prothrombin time), are too cun- 
bersome for routine application at present and in & 
many cases the interpretation of results is still 
debatable (130) (80) (53). Special examination and 
test measures in general have not. fulfilled early 
hopes. We may mention dark adaptation for vite 
min A, corneal microscopy for riboflavin and 
capillary fragility for ascorbic acid. These meth- 
ods are not reliable for detecting mild or early 
deficiency though they are useful on occasion. 

Careful examination. for clinical signs of de 
ficiency should be applied to all convalescents. 
The nutritional history, including evidence of poo 
absorption, should be reconstructed as accuratel! 
as possible. The presence or a history of jaundice; 
biliary drainage or acholic stools suggest probable 
poor absorption of the fat-soluble vitamins. Seve” 
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diarrhea may cause alterations of vitamin syn- 
thesis by bacteria in the intestine as well as seri- 
ously reduce intestinal absorption of all of the 
vitamins. Vitamin supplementation is indicated 
when any of these conditions is associated with 
suggestions of deficiency from laboratory or clini- 
cal findings. 

Treatment of intestinal infections with sulfa- 
guanidine and similar drugs may result in vitamin 
deficiency owing to interference with intestinal 
synthesis; the effect on biotin may be particularly 
marked (67). Other drugs may affect the net supply 
or metabolism of vitamins. The action of sal- 
icylates may not be an isolated instance. Sal- 
itylates increase the urinary excretion of ascorbic 
acid (106) and of thiamine (24), but it is probably 
more important that they interfere with the for- 
nation of prothrombin from vitamin K (68). This 
action of salicylates is potentially important 
because of their extensive use in diseases char- 
acterized by a long course or slow convalescence 
such as rheumatic fever, arthritis, malaria, 
and gout. 

Few generalizations may be made about the 
efiects of fever, infection or simple inanition. In- 
fection even without fever or gastro-intestinal dis- 
order, may greatly diminish the absorption of vita- 
min A and carotene (113). Effects of fever on 
vitamin A, thiamine and especially ascorbic acid 
are inferred from analyses of blood and excreta but 
the full significance of the alterations is not clear. 
There are bold assumptions in calculations that 
fever may destroy 100 mg. or more of ascorbic acid 
daily (37). Simple inanition alone does not seem 
to produce vitamin deficiency but little is known 
about the vitamin requirements for subsequent 
building of the tissues. 

It should be obvious that, in general, the pre- 
scription of vitamins for convalescents at present 
hust be largely dependent upon informed clinical 
judgment. Conservatism here consists in supply- 
ing vitamins in case of doubt, though we agree 
vith Stare (115) that there is at present no rational 

Basis for “overdose” therapy. The special needs 
for vitamins during and after particular diseases 
for injury remain to be discovered. Some con- 
iderations applying to the individual vitamins 
follow. 

Vitamin A. Vitamin A is of interest in convales- 
tence because of its role in tissue growth, its sug- 
gested importance in infection, the claims for 
ts special benefit in certain chronic conditions and 
‘pecially because of the frequency of its ineffi- 
“ent absorption. Like the other vitamins it has 
ceived infinite but unwarranted praise for pro- 
phylaxis and therapy (23) (10) (18) (17). 

The body reserves of vitamin A, chiefly in the 

Yer, are ordinarily large. Extreme dietary de- 

lency is usually inconsequential for months in 
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normals if the previous diet has been good (116) 
(123). However, a long course of disease and con- 
valescence may result in deficiency which is cor- 
respondingly slow to correct. While it is important 
to maintain a good dietary intake, the greatest 
danger in convalescence seems to be poor absorp- 
tion, particularly of carotene. Losses in the urine 
occur rarely in some diseases but these are never 
large (66). 

Deficiency of vitamin A is very common in liver- 
disease and jaundice but bile salts are not im- 
portant for the absorption of vitamin A though 
carotene may be more affected (65) (17). The low 
level of vitamin A in hepatitis and hepatic in- 
sufficiency is related primarily to faulty liver 
metabolism—impaired conversion of carotene to 
vitamin A (43), impounding vitamin A in areas of 
degeneration (96) or destruction by the de- 
ranged liver. 

The fat solubility of vitamin A and carotene in- 
fluences their absorption, which seems to involve 
association with fatty acids in the intestinal wall. 
Low-fat diets may hinder absorption but there are 
discrepancies in the evidence (87) (104). Lecithin 
improves vitamin A absorption even in colitis pa- 
tients (4). Mineral oil interferes with the absorp- 
tion of carotene by carrying it through the tract 
in physical solution. Diarrheas of all types, par- 
ticularly steatorrhea, promote the loss of vitamin 
A and carotene in the feces. Vitamin A deficiency 
is not uncommon in these conditions (41). 

The effect of vitamin A in relation to infection 
appears to have been overemphasized. Large 
dosages of vitamin A have little or no value in 
acute infection (21) (22) (110) and vitamin A sup- 
plementation to normals seems to have no effect 
on susceptibility to upper respiratory infections 
(111) (25). Important immunological reactions 
are not influenced by moderate degrees of vitamin 
A deficiency (39). Lowered resistance to infections 
occurs during and perhaps after severe vitamin A 
deficiency (12), but this may be related to second- 
ary morphological changes; in any case concurrent 
nutritional deficiencies have not been ruled out. 
The level of vitamin A in liver and other tissues is 
very low in septic deaths (86) and the blood level 
promptly falls in infections in general (23). The 
cause of these effects is not clear but poor absorp- 
tion does not explain the changes in acute 
conditions. 

In tuberculosis the level of vitamin A in blood 
and tissues is low and relatively unresponsive to 
large doses of the vitamin (15). The fact that tu- 
bercular patients with pronounced gastro-in- 
testinal symptoms exhibit the lowest levels sug- 
gests faulty absorption but general differences in 
the extent and severity of the infection may be 
responsible (73). 

The occurrence of central nervous system 
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changes in children with keratomalacia is now 
agreed to be a secondary result of prolonged vita- 
min A deficiency. Mechanical pressure results from 
disproportionate rates of growth of brain and 
cranium (77) (78). The deficiency apparently re- 
tards bone growth more quickly than that of the 
nervous tissue (127). 

Enthusiasm for the use of vitamin A in the local 
treatment of burns and other wounds has collapsed 
for lack of acceptable support. The more recent 
advocacy for this vitamin in hypertension is like- 
wise unwarranted though further studies may be 
desirable in view of evidence for an effect on renal 
blood flow (122) (119). Claims for vitamin A in 
color blindness are denied (35). 

The evaluation of vitamin A nutritional status 
has not been simplified by recent work. Xeroph- 
thalmia and keratomalacia are probably late de- 
velopments in vitamin A deficiency. Dark adapta- 
tion tests increasingly appear to be non-specific 
and untrustworthy for diagnosis (31, 45, 117). 
Blood analyses for vitamin A and carotene are 
valuable but the relation between blood and tissue 
vitamin A is not always close and the methods for 
such chemical analysis are difficult. As with other 
vitamins clinical judgment is very important in 
practical work. 

For the great majority of convalescents it ap- 
pears that a good diet with plenty of butterfat and 
yellow vegetables will provide ample vitamin A. 
Where there are signs or a reasonable suspicion of 
past, present or impending A deficiency the ques- 
tion of dosage is raised. Vitamin A is to be pre- 
ferred to carotene, especially in disease. Many 
investigators have used huge doses with success 
but daily parenteral doses of as much as 150,000 
U.S.P. units for weeks may not improve the 
plasma level in hepatic insufficiency (1, 95, 97). 
The fact that months are required for healing in 
hyperkeratosis even with daily doses of 50,000 
to 300,000 units does not mean that such large 
amounts are needed or useful; these processes of 
anatomical repair are inherently slow. A daily sup- 
ply of 15,000 units has been reported to be just 
as effective as much larger doses in children with 
vitamin A deficiency (107). 

The water-soluble vitamins. In clinical studies 
the water-soluble vitamins, particularly the B 
complex, are often involved as a group. The com- 
mon factor of water solubility justifies considera- 
tion of the group as a whole with regard to absorp- 
tion and excretion. The major members of the 
group likewise share the common property of par- 
ticipating in enzymatic metabolism or exhibiting 
high chemical reactivity. 

The present National Research Council (89) 
recommended allowances for these vitamins have 
provoked some criticism as being unnecessarily 
high. The question of allowances for the sick and 
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convalescent is still more controversial. The 
physician is rightly concerned with the necessity 
for speeding the recovery of the patient. In most 
cases vitamins are administered as an adjunct to 
other therapy so it is not surprising to find dis. 
agreement in clinical reports. Valid controls are 
usually absent. Physician and patient alike have 
been so conditioned by current propaganda for 
water-soluble vitamins that phychological arti- 
facts may obscure any physiological phenomena, 

The requirements for water-soluble vitamins are 
complicated by the contribution of bacterial 
synthesis in the intestine. This source of supply 
is so important that one or another animal species 
is relatively independent of the intake in food of 
thiamine, ascorbic acid and niacin. The facts in 
man are unknown except that some thiamine may 
be so provided (88). In any case residual peculiari- 
ties in the intestinal flora may increase the need 
for vitamin administration to some convalescents. 
Gastro-intestinal disorders and diarrhea appear to 
interfere less with the net absorption of water- 
soluble vitamins than with the fat-soluble group. 
These questions need much further study. 

There is an increasing tendency to evaluate the 
nutritional status in the water-soluble vitamins 
from the urinary excretion. The arbitrary levels 
suggested to indicate adequacy are subject to 
serious argument (80, 60, 61). The concept of 
tissue saturation for adequacy is opposed by the 
theory that any perceptible excretion of the B 
vitamins in the fasting state indicates the absence 
of deficiency (53). Supercharging with water- 
soluble vitamins has no important benefit in nor- 
mal man (112, 14, 59) but the situation with de- 
bilitated persons may be very different. Perhaps 
the conservative middle ground at present would 
be to suggest that convalescent patients receive 
supplements of the appropriate water-soluble 
vitamins if their daily urinary output contains 
less than 100 micrograms of thiamine, or 25 
micrograms of riboflavin or 15 milligrams of a- 
corbic acid. These levels may be unnecessarily 
high. Far lower levels for months at a time are 
not associated with any deterioration in normal 
young men (60, 61). 

The bodily stores of water-soluble vitamins 
appear to be smaller than the fat-solub‘e group. 
Definite signs of deficiency of thiamine may be 
induced in man in a few weeks or even days when 
the vitamin intake is zero, so the danger of 4 
sudden onset of deficiency is correspondingly 
great. Fortunately, it is possible to correct such 
deficiency rapidly by moderate dosés of the vite 
min. On a zero intake clear signs of deficiency of 
the rest of the B complex and of ascorbic acid 0 
not normally appear for at least a month. The 
effect of concurrent disease is unknown. 

On the basis of animal experiments and soit 
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inadequate evidence from observations on man 
it is claimed that the human requirements for 
thiamine and ascorbic acid, and perhaps other 
water-soluble vitamins, are increased at high 
temperatures (83, 84, 50). The argument that these 
vitamins are lost in sweat has proved erroneous 
(82, 108). Brief supplementation with these vita- 
mins has no effect on the primary course of adapta- 
tion to heat (48). There would appear to be no 
need to supply extra water-soluble vitamins for 
patients receiving heat therapy or convalescing 
in hot climates. 

Thiamine. Several factors have been reported to 
increase the requirement for thiamine. Hyper- 
thyroidism, both spontaneous and experimentally 
mentally induced, enhances the need for thiamine 
(32); whether this is caused by increased destruc- 
tion is not known. In other conditions associated 
with an increased metabolic rate—hyperpitui- 
tarism and fever—there may be a similar need for 
extra thiamine but no evidence is available. 

It is frequently stated that hard physical exer- 
tion increases the requirement for thiamine. This 
is based on the experiments of Cowgill and as- 
sociates (27) who found that dogs on a B-deficient 
ration developed anorexia faster when they were 
exercised. Clinical reports on beri beri have indi- 
cated a greater incidence of the disease among men 
during hard physical work such as stokers and 
boilermakers. As yet, however, there is no bona- 
fide evidence in humans that the thiamine 
requirement is increased by work. Many people 
have argued that since thiamine is involved in 
the oxidation of pyruvic acid, there must be an 
increased need for the vitamin during exertion. 
However, blood pyruvate is not increased in 
moderate exertion. 

The dietary intake of vitamin B, by animals can 
safely be reduced when the fat content is increased 
(105). There is some evidence that the same is also 
tue of the protein content of the ration (7, 121). 
The evidence from human experiments is not so 
clear. Cahill (19) found no increased excretion of 
thiamine with a high fat diet for three days nor 
did he find any difference with test doses of 
thiamine following eleven days of high protein 
diets when compared with a high carbohydrate 
diet. He assumed that if the requirement for 
thiamine were decreased by the high fat diet, the 
Winary excretion should increase. A similar ex- 
periment gave variable results (124). 

Gastro-intestinal disturbances affect thiamine 
absorption. A chronic diarrhea in the dog may 
Increase the dietary requirement for vitamin B by 
% to 80 per cent (30). The diarrhea did not, how- 
‘ver, “wash out’ any of the vitamin given paren- 
erally. Several clinical reports have indicated a 
marked therapeutic effect of thiamine when given 
‘0 patients with mucous colitis and chronic diar- 


rhea (20). There is = possibility that excessive 
amounts of thiamine may be lost in polyuria. 
Excessive water intake accelerates the appearance 
of symptoms of vitamin B deficiency in dogs (26). 
It has been assumed that in diabetes insipidus and 
in uncontrolled diabetes mellitus, the water- 
soluble vitamins are ‘‘washed out.’’ No clinical 
work has been reported on this subject and experi- 
ments in this Laboratory have been negative. The 
diuretic substance, mercurophylline, may increase 
the excretion of thiamine in the urine (126). Other 
drugs may have a similar action; this question 
warrants further study. 

Nervous symptoms associated with beri beri and 
experimental thiamine deficiency led to many 
sweeping conclusions about the possible role of 
this vitamin in nervous disorders in general. The 
earlier enthusiasm has been replaced by a more 
critical evaluation and a marked limitation of the 
conditions amenable to thiamine therapy (42, 
76). The evidence that delirium tremens and other 
symptoms of chronic alcoholism are directly re- 
lated to a specific thiamine deficiency is none too 
valid. The chronic inebriate secures most of his 
calories from alcohol and only a small fraction 
from food with a concomitant reduction in the 
intake of thiamine as well as other vitamins. In 
most cases thiamine has been combined with 
other therapeutic aids applied to these patients. 
There is fairly good evidence that many of the 
symptoms of Wernicke’s disease are due to a re- 
striction of the thiamine intake but here again 
treatment should consider the possibility of a 
multiple deficiency. Prolonged thiamine deficiency 
in animals is unaccompanied with any nerve de- 
generation (36). Recent work suggests that the 
metabolism of alcohol may require less thiamine 
than the metabolism of carbohydrates (69). 

A chronic deficiency of thiamine both in experi- 
mental animals and in man produces cardiological 
disturbances. The congestion of the right side of 
the heart which is common in beri beri and al- 
coholics responds dramatically to the administra- 
tion of thiamine. However, thiamine therapy for 
right heart failure is unwarranted unless there is a 
possible nutritional basis for the disturbance. 

Theoretically many of the symptoms of diabetes 
would appear amenable to thiamine therapy but 
it now appears that thiamine only benefits the 
patient in relation to his dietary restriction (100). 
Where the diet has been deficient in vitamins 
because of restriction, natural supplements such 
as yeast or liver extract should be used since multi- 
ple deficiencies are probably involved. Large 
amounts of thiamine do not reduce the require- 
ment for insulin (100). 

The role of thiamine in preventing or over- 
coming infectious diseases is still unsettled. Under 
most circumstances vitamin B deficient animals 
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are less resistant to infection (93). A more im- 
portant question is whether a “‘subclinical’’ de- 
ficiency will predispose the individual to disease. 
The prominent role that inanition plays was 
stressed by Rose and his coworkers (101, 102). 
They found that when the food intakes of the 
vitamin supplemented and the deficient animals 
were controlled, a deficiency of the B complex in 
rats produced very little change in resistance to 
Staphylococcus aureus or to B. welchi toxin. 

Riboflavin. The estimation of the nutritional 
status of man with regard to riboflavin is even 
more controversial than with regard to thiamine. 
We believe the N.R.C. recommendations for 
riboflavin intake greatly overestimate the normal 
requirement for this vitamin (61). It is generally 
believed that riboflavin has an important role in 
muscular metabolism yet fatigue or weakness are 
not common symptoms of riboflavin deficiency. 

Low urinary excretion of riboflavin has been 
considered the earliest diagnostic indicator of 
an incipient deficiency of this vitamin. Large doses 
of thyroxin increase the riboflavin excretion of 
rats (118) but the actual requirement for this 
vitamin does not seem to be affected (33). The 
injection of even moderate doses of thiamine into 
humans seems to increase temporarily the excre- 
tion of riboflavin (63). 

Cheilosis and cheilitis are not specifically diag- 
nostic of ariboflavinosis. Therapy with other 
vitamins, notably pyridoxine and niacin has pro- 
duced satisfactory results (71). Many reports have 
not considered the fact that ‘‘cheilitis can result 
from sensitivity to dental plates, lipstick, chew- 
ing gum, toothpaste, mouthwashes, cigarette 
holders, throat lozenges, the reed used in the 
mouthpiece of a musical instrument, or to other 
agents, including even exposure to the sun”’ (90). 

It has been suggested that exposure of the eyes 
to glare and bright light increases the need for 
riboflavin (94) (120) yet controlled experiments 
seem to be negative. The possibility of riboflavin 
deficiency must be considered in all cases of 
chronic nonspecific ocular complaints but such 
symptoms as ocular fatigue, mydriasis, photo- 
phobia and lacrimation are even less diagnostic 
than corneal vascularization. 

There is a report that drugs such as atabrin 
increase the requirement of rats for riboflavin (47). 
Mice on a riboflavin deficient ration show in- 
creased susceptibilities to infection with pneumo- 
coccus Type I (129). 

Niacin (nicotinic acid). The frequency of 
pellagra would suggest that niacin deficiency may 
often complicate convalescence in some regions. 
The normal requirement of man for niacin is still 
very uncertain and little is known about factors 
which may influence this requirement. This state 
of affairs is likely to persist until better methods 
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are developed for evaluating the status of niacin 
nutrition. We cannot agree that the measurement 
of the F, fluorescence in the urine is very 
useful (81). 

Some experiments with dogs indicate that the 
general type of the diet may influence niacin needs 
(44). The frequent association of malaria with 
pellagra (9) suggests this disease may affect the 
niacin requirement but the explanation may bea 
coincident geographical distribution of the two 
conditions. It is quite possible that the niacin re- 
quirement of man is increased as it is in dogs by 
sulfonamides, especially sulfapyridine (125). 

The dramatic response of mental symptoms to 
niacin in pellagrins led to the use of this vitamin 
in many cases of mental disease, especially 
paranoia. It is possible that only niacin-deficient 
persons are benefited. The claims for niacin 
therapy for unexplained encephalopathy in al- 
coholics and in the aged (58) cannot yet be 
appraised. 

Both tropical and non-tropical sprue are ap- 
parently benefited by niacin but complete 
recovery requires in addition liver extract paren- 
terally (72). Further work is required to show 
whether the diarrhea alone causes an increased 
need for niacin or whether there is a more funda- 
mental disturbance of metabolism. 

Other members of the B complex. A deficiency of 
pyridoxin in experimental animals is associated 
with a microcytic, hypochromic anemia and fits of 
an epileptiform nature. The latter finding was 
partly responsible for the attempts to cure Parkin- 
son’s disease, pseudohypertrophic muscular 
dystrophies and other similar conditions (5). 
Early work indicated favorable responses to large 
amounts of pyridoxin but more recent reports are 
much less sanguine (42). The best evidence in man 
indicates that most cases of hypochromic anemia 
are not benefited by large amounts of good sources 
of the B complex (85). 

Choline is necessary for the maintenance of 
normal liver and kidney function in animals mait- 
tained on purified rations. The requirement fot 
choline is modified by such dietary factors % 
methionine, cystine, protein and possibly others. 
Although a choline deficiency has been associated 
most prominently with fatty livers, experimental 
work indicates that this compound is ineffective 
in curing fatty livers produced by such substance 
as phosphorous and chloroform (11). The favorable 
effect of choline in portal cirrhosis of the liver # 
reported (16) (103). It is too early to fully evaluate 
the importance of this type of therapy. 

Ascorbic acid. Classical scurvy is associated with 
retarded wound healing, increased bleeding te 
dency and decreased resistance to disease—all 0 
which are of importance in convalescence. How 
ever a linear relation between vitamin C intabt 
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and these factors cannot be assumed to extend 
into the subclinical and ‘‘normal’’ levels. More- 
over classical scurvy probably involves additional 
deficiencies besides ascorbic acid (28, 98, 40). 

Little is known about the effect of diet on 
ascorbic acid requirements. Claims for an in- 
creased requirement at high temperatures and loss 
of ascorbic acid in sweat have not been substanti- 
ated (82, 48, 108). 

Shortly after vitamin C was discovered, many 
attempts were made to show a relation between 
the blood components associated with resistance 
and the intake of vitamin C. This work showed 
that even in severe deficiency there was no change 
in the complement, bacteriolysins or their similar 
factors in the blood (93). Ecker and associates (34) 
stated that the complement level as determined 
by a more sensitive test was directly proportional 
to the plasma vitamin C level. All of the recent 
evidence indicates no relation between these two 
substances (114, 39). 

The ability of extra vitamin C to increase overall 
resistance is being studied in England. Dur- 
ing the war, the English receive in their diet an 
average of 25 mg. vitamin C per day. The addi- 
tion of another 25 or 50 mg. of vitamin C to the 
diet in controlled experiments has shown little 
ifany decrease in the number of days the subjects 
are absent from school or work because of illness 
(55). These and other experiments (25) show that 
ifhumans receive a moderately normal amount of 
ascorbic acid, no greater resistance against disease 
will accrue to them by consuming excessive 
amounts of vitamins. The surveys on the plasma 
vitamin C level during the year show that the 
lowest levels occur in April or May (74). If it is 
assumed that the plasma level is an approximate 
indicator of the body stores of vitamin C, then the 
period of greatest depletion occurs later in the 
year than the greatest incidence of upper respira- 
‘ory infection (December and January). 

Fever in infection apparently elevates the re- 
quirement for vitamin C as indicated by a rapid 
fall in the plasma level (128); the simple increase 
of body temperature has no influence on either the 
plasma level or the excretion (91, 133). On the 
basis of rough balance studies Falke (37) calcu- 
lated his febrile patients needed an extra hundred 
ig. of ascorbic acid daily. Intakes in excess of this 
‘mount do not appear to hasten recovery from 
febrile disease (2, 39). 

In very severe scurvy there is practically no 
Wound healing. Mild vitamin C deficiency in 
Slinea pigs just maintaining weight produces 
nechanically weak scars after operation (8) and 

sturbances in traumatized muscles (64). Clinical 

Widence indicates vitamin C is important but 
“rtainly is not the only factor in proper wound 

bealing; body stores of protein must be considered 
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(46). The depletion of vitamin C reserves associ- 
ated with surgery is not yet satisfactorily 
explained. Hunt (54) suggests that all patients 
receive 1000 mg. of ascorbic acid daily for three 
days before operation and 100 mg. daily thereafter. 
Divided doses should be used and the sodium salt 
may be given intravenously if there is any possi- 
bility of poor absorption. 

Many types of gastro-intestinal disturbances 
may interfere with the absorption of vitamin C. 
In diarrhea produced by magnesium sulfate the 
excretion of ascorbic acid in the feces may be 
markedly increased and the plasma level may fall 
(3). If this action of magnesium sulfate can be 
confirmed, it indicates that vitamin C is more 
readily ‘‘washed out’’ of the body than are the 
members of the B complex (30). Certain types of 
intestinal bacteria destroy vitamin C. Under cer- 
tain circumstances this may make it necessary 
to give the vitamin intravenously (131). The 
Sippy diet and other bland diets used for gastro- 
intestinal disturbances are frequently composed of 
foods low in vitamin C. The addition of a vitamin 
concentrate is usually indicated in these cases. 

Since changes in the gums are such a prominent 
feature of vitamin C deficiency, many attempts 
have been made to cure all types of gingivitis by 
means of vitamin therapy. However local treat- 
ment alone is usually sufficient to clear up the 
trouble (70, 75) and the diagnosis of ascorbic acid 
deficiency from gingivitis is unwarranted without 
other evidence. 

There are some indications that certain drugs 
containing arsenic, antimony or gold may produce 
an excessive destruction of vitamin C in the body 
(38). The treatment of anemia with ferrous sulfate 
may also require the use of larger amounts of 
vitamin C (38). So far there have been no con- 
trolled experiments on the use of vitamin C as a 
detoxifying agent in the case of lead poisoning 
(52) or as a cure for allergy (51) or as an adjunct 
in the depigmentation of patients with Addison’s 
disease (56). 

Vitamin D. The requirement for vitamin D by 
adults is unknown both for normal maintenance 
and for fracture healing (6). It is likely that any 
good convalescence program will provide adequate 
amounts of this vitamin in most cases. The diag- 
nosis of vitamin D deficiency in adults is difficult 
in the absence of tetany or definite signs of osteo- 
malacia. Positive laboratory evidence at present 
demands the elaboration of calcium balance 
studies. 

Osteoporosis may occur as aresult of steatorrhea 
but the mechanism is uncertain (13). In any case 
large doses of vitamin D seem to be beneficial in 
nutritional as well as in war osteomalacia (49, 
109). There is evidence that increased calcification 
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generally can be induced even in elderly people by 
high intakes of calcium and vitamin D (79). 

Vitamin D in very large doses has been advo- 
cated for a wide range of chronic or intractable 
conditions from arthritis to psoriasis (92, 17). 
The controversial nature of reports does not war- 
rant discussion here. Presumably the vitamin has 
pharmacological effects beyond its ordinary vita- 
min activity. 

Vitamin K. The value of vitamin K is well estab- 
lished in many conditions of hypoprothrom- 
binemia (18,17, 29). It is unnecessary to discuss 
here the problem of the newborn or the rare 
possibility of simple dietary deficiency of the 
vitamin. Prothrombin deficiency in adults most 
frequently results from faulty intestinal absorp- 
tion of vitamin K or from primary liver disease. 
Either or both of these conditions may be com- 
plicating factors in convalescence. 

Hypoprothrombinemia and the resulting bleed- 
ing tendency are readily shown by measurement of 
the blood prothrombin level but the amenability 
to therapy is dependent on the cause of the condi- 
tion. Prothrombin deficiency resulting from 
primary damage to the liver is ordinarily not re- 
sponsive to vitamin K therapy. However, the 
boundary is not clear between refractory hepatic 
conditions and those which respond to therapy. 
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For example, little is known on this question in 
residual liver damage after malaria and chemo- 
therapy. 

Vitamin K is less readily absorbed from the in- 
testine than most other vitamins and deficiency 
may result from lack of bile in the intestine and 
from any severe diarrhea or steatorrhea (18). The 
latter conditions are important in ulcerative 
colitis and sprue and probably also in amebic and 
chronic bacillary dysentery. The increased fre- 
quency of these latter dysenteries incidental to 
war indicates the need for study of vitamin K and 
prothrombin relations in these conditions. 

It is now common to attempt to eorrect vitamin 
K deficiency in surgical patients with biliary or 
hepatic disease or with extensive short-circuiting 
operations on the intestines. The possibility that 
unrecognized spontaneous bleeding or frank 
hemorrhage may occur to delay convalescence 
would make it desirable to consider these ques- 
tions in convalescents who may have faulty 
absorption of vitamin K from any of the causes 
mentioned. Even though it is suspected that a 
demonstrated hypoprothrombinemia is due to 
primary liver disease vitamin K therapy should be 
tried. Failure of such therapy is in itself a useful 
diagnostic acid. 
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EVALUATION OF FITNESS 


HENRY LONGSTREET TAYLOR anp JOSEF BROZEK 
The Laboratory of Physiological Hygiene, University of Minnesota, Minneapolis 


One of the goals of rehabilitation therapy is to 
return the patient to his work in good condition. 
Measures instituted during convalescence to more 
rapidly achieve this goal must be assessed by ob- 
jective criteria. The physiologist and the psy- 
chologist can provide tools which will give some 
objective evidence of the returning fitness of the 
convalescent. 

The term ‘“‘fitness’’ is generally used to cover two 
distinct fields. One deals with estimation of oc- 
cupational work capacity, the other has for its 
goal the assessment of the ability to withstand 
physical and biological stresses. These fields over- 
lap and are frequently confused. Tests of cardio- 
vascular, respiratory and metabolic processes, 
motor performance, sensory and intellective func- 
tions, and emotional state will be reviewed to 
give a rounded picture of fitness of a general char- 

_acter which is not closely related to a specific 
occupation. Particular emphasis has been laid on 
the limitations of these procedures and on valid 
experimental design. 

All fitness tests are extremely non-specific and 
should always be interpreted in the light of clinical 
findings. No attempt has been made to review the 
problem with reference to particular disease en- 
tities; cardiovascular and respiratory tests have 
been evaluated from the clinical point of view by 

ents and Enzer (1). 

The problem of standardization. The great ma- 
jority of fitness tests, whether physiological or 
psychological, appear to be extremely simple. 
However, the functions measured are subject to a 


great variety of influences and it is necessary to 
apply the most rigid control of environmental, 
physiological and psychological conditions under 


which a measurement is carried out. It cannot be 
stressed too highly that pre-test exercise, time 
relation to meals, psychological ‘‘atmosphere,” 
and environmental temperature and humidity 
must be kept as constant as possible. 

Psychological factors are of importance in many 
fitness tests. All psychomotor and maximal exer- 
tion tests (2, 3) have as a prerequisite the optimal 
motivation of the subject. Control of emotional 
factors is imperative in pulse rate tests—such 4 
postural adjustment (4), the Schneider test (8-A) 
and the Masters’ test (5)—in which the stres 
placed on circulation is low. 

In laboratory work an attempt is usually made 
to bring the individual subjects to a practice 
plateau before they are exposed to the experi 
mental regime. Under these conditions we cal 
work with a smaller number of subjects, each 
serving as his own control. Under clinical condi: 
tions we do not have a “normal baseline” chat- 
acterizing the patient in the state of health; the 
degree of returning fitness must be judged by 
reference to adequate norms. These may be de- 
veloped either 1) for the general population (tak 
ing into account the improvement on repeated 
measurement due to the specific effects of practice 
or 2) for a relatively homogeneous sample of 
patients. 

The importance of controlling environment# 
temperature and humidity for any test which it 
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volves the measurement of cardiovascular 
variables has not been duly recognized until re- 
cently (6). For example, several serious attempts 
have been made to set up norms for tests depend- 
ing in @ large measure on pulse rate and blood 
pressure measurements (5, 7,8, 9). In no case has 
an adequate correction for temperature or hu- 
midity been included. The evidence is over- 
S whelming that differences in temperature influence 
these scores (10, 11, 12). The use of air conditioned 
testing rooms has eliminated this difficulty in the 
Laboratory of Physiological Hygiene. 

Cardiovascular and respiratory tests. The cardio- 
vascular and respiratory systems are usually 
tested under stress. Basal pulse rate and blood 
pressure measurements are of value only when the 
emotional situation is properly controlled, i.e., 
when the patient is accustomed to his surround- 
ings and the observer, and does not attach im- 
portance to the measurement or to subsequent 
events (13). The two types of stresses most fre- 
quently employed are change of posture and per- 
formance of physical work. 

For general testing where specific occupational 
requirements are not being considered, the work 
should require as little skill and coordinated use 
oflocal muscle groups as possible. Of the four tasks 
most commonly used, riding the bicycle ergometer 
is probably the least satisfactory due to large skill 
inrements. Both stair and step climbing, although 
involving some degree of skill, are well adapted to 
work in the field or clinic where more elaborate 
methods are not applicable. For repeated observa- 
tions over a period of time, grade walking or run- 
ning on the motor-driven treadmill appears to be 
the most. desirable work load since 1) skill is 
rapidly acquired, 2) the true work efficiency re- 
mains remarkably constant after subjects have 
learned the “‘trick,’’ and 3) the work output for 
each subject is constant. 

The heart rate after a standard amount of work 
is probably the most useful single criterion of fit- 
hess in the study of convalescence. It has been 
shown that the pulse rate recovery curve can be 
satisfactorily reconstructed from three measure- 
ments (2).:In developing a test which might have 
some general use in convalescence the investi- 
gator is faced with a dilemma. While it is desirable 
to use heavy work loads to obtain a good differ- 
titiation of degrees of fitness and to eliminate or 
minimize emotional effects, heavy work loads may 
injure the patient and delay recovery. The use of 
Post-exercise pulse rates of 130 to 150 per minute 

during the first 15 seconds of recovery) will do 
huch to eliminate emotional factors and at the 
‘ame time give a satisfactory estimate of cardio- 
Yascular fitness without too much danger of in- 

uring the patient. The establishment of minimum 
ork pulse rate values which are not influenced 
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by emotional effects (such as are present in a. 
medical examination) is one of the critical prob- 
lems in the field of cardiovascular fitness. 

For postural adjustment studies the tilt table 
will provide the most reproducible stress. Postural 
adjustment tests either with or without a tilt 
table might be expected to give some useful in- 
formation since evidence of poor circulatory re- 
sponse to postural changes is common in the early 
stages of convalescence. Poor postural adjustment 
has been found to be associated with certain dis- 
eases (14) and as the result of surgery on the auto- 
nomic nervous system (15). In the morning the 
postural adjustment score may show progressive 
deterioration, while it may indicate progressive 
improvement in the afternoon (11, 15). Response 
to postural adjustment is not closely related to 
ability to perform exhausting work (13). Caution, 
should always be exercised in interpreting the. 
results of these tests. 

In any battery of tests for use in clinics the 
Flack test (17) or one of its modifications should 
not be ignored. It has been shown to differentiate. 
well between active men and convalescent patients. 
(9, 17), and significant improvements have been 
recorded after a period of physical training. The 
high dependence of this test on the willingness of. 
the subject to exert himself may yield useful 
information. 

Hard work tests should give information on the 
status of the patient on discharge or on the 
progress of a training program to put men in top 
physical condition. In precise laboratory investi- 
gations fitness estimates may be obtained either 
by using a fixed run on a motor-driven treadmill. . 
which represents work near the limit of asubject’s 
capacity or by allowing the subject to run to ex- 
haustion within 3 to 5 minutes. Measurement of. 
the maximal pulse rate, maximal oxygen consump- 
tion and respiratory efficiency during work, and 
determination of pulse rate, blood lactate and 
respiratory efficiency during recovery will provide. 
the basic criteria. The pulse rate during recovery 
from a fixed task is an index of fitness while if the 
subject is allowed to run to exhaustion the re- 
covery pulse will not reflect changes in the sub- 
ject’s condition (18). After a fixed work period, 
the lower the lactate (taken at a constant time 
after work) the better the condition of the subject; 
the reverse is true if the subject continues to run 
to exhaustion (19). The measurement of maximal 
oxygen consumption is, on theoretical grounds 
(20, 21), the best available test of the over-all 
function of the combined respiratory-cardiovascu- 
lar system. It is a relatively constant char- 
acteristic of a subject and when changes are 
observed they indicate a more fundamental de- 
terioration or improvement than changes in such 
variables as the pulse rate. The respiratory, 
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efficiency either during work or recovery serves as 
a standardized index of ventilation and is related 
to the degree of ‘‘exhaustion’’ (22, 23) of the sub- 
ject, but has the disadvantage that artefacts 
due to improper masks, etc., occur easily. The 
measurements of the maximal pulse and oxygen 
transport during an exhausting work test are 
independent of the skill of the subject. Blood 
lactate measured under the same conditions is de- 
pendent on motivation but independent of skill. 

The use of a fixed task has the advantage that all 
the measurements are independent of motivation. 
The recovery pulse rate is a more sensitive index 
of fitness than the maximal pulse rate during work 
and does not require elaborate methods for meas- 
urement. Proper choice of length of time for the 
standard work is necessary for measurement of 
maximal pulse and oxygen consumption. The use 
of this method is open to two objections: 1) the 
measurements reflect any increase in skill in 
running that subjects may acquire by repeated 
testing, and 2) a number of different work loads 
must be used to cover a wide range of physical 
capacities. 

The adoption of uniform procedures chosen on @ 
rational basis would be a real advance and would 
allow the establishment of norms and interlabora- 
tory comparison of data. 

Many investigators have used the measurement 
of the working time to exhaustion as the principal 
criterion of fitness (2, 3, 6). This fitness estimate 
has been combined with pulse rate measurements 
during recovery (2). The use of a double work 
period has served to reduce the intra-individual 
variability on successive measurements (3). When 
the subject cooperates, these tests give valid in- 
formation and correlate well with other measure- 
ments of fitness for physical exertion. For ex- 
ample, studies in this Laboratory have shown that 
the score in the treadmill version of the Fatigue 
Laboratory Test (2) gives high correlations with 
blood lactates and pulse rates during recovery 
from a fixed anerobic work test. In situations 
where the effectiveness of a given regimen is to be 
studied, this type of test gives valid information if 
the following conditions are fulfilled; (1) the use 
of sufficient numbers of subjects to rule out un- 
controlled variations in motivation, and (2) the 
use of inter-group controls to rule out errors in- 
herent in group behavior (suggestion and imi- 
tation). These methods are ideally adapted for use 
with large number of subjects. Repeated testing 
will lead to sizeable improvements in score due to 
increase in skill, a fact which demands inclusion 
of controls. In military convalescence these tests 
should prove of real value in determining whether 
or not a man is fit to return to duty. Suitable 
standards of post-exercise pulse rates can be set 
up to screen out men who do not co-operate. 
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7" Metabolic measurements of fitness. No constituent 

of the resting blood is closely correlated with 
fitness for muscular exertion. The utility of lactate 
measurements during or after work for assessing 
fitness for muscular exertion has been discussed, 
Advances in this aspect of fitness may come from 
study of the newer compounds of the Meyerhof 
cycle together with blood lactate and pyruvate. 

The vitamin concentrations in blood or urine 
are regularly used for nutritional assessment (25) 
but it is too early to make any statements on the 
precise relationship of these constituents to fit- 
ness. Work in this Laboratory suggests that these 
relationships are not very direct. 

Metabolic load tests give useful information in 
some situations. The study of pyruvate concentra- 
tions during a glucose tolerance test will give 
evidence of thiamine deficiency (25). 

It is well recognized that adrenal cortex re- 
sponds to stress placed on the organism and it is 
also well known that adrenalectomized animals | 
are less resistant to a great variety of biological 
stresses (26). The fact that 17-keto steroids reflect 
adrenal cortical activity (27) suggests the possi- 
bility that the concentration of these compounds 
in the urine will reflect the stress placed on the 
organism and may be used as a criterion of fit- 
ness. It has been shown that a high positive cor- 
relation exists between 17-keto steroid excretion 
and fatigue states in flyers (28). Previous experi- 
mental work (29) has indicated that little ad- 
vantage in work performance can be obtained by 
administering hormones of the adrenal cortex to 
men in good condition. The possibility that these 
hormones may be an aid in more rapidly attaining 
a state of physical training should be investigated. 

Motor performance. The fundamental aspects of 
voluntary motor behavior can be classified as (I) 
maintenance of static position (body sway), (2) 
gross body movement (locomotion), and () 
manipulative components (strength, speed, co 
ordination of movements carried out by specific 
muscle groups). When the performance is of short 
duration and the tests are carried out with the 
subject fresh and well motivated the score repre 
sents a true performance capacity. The difference 
in performance observed under stress and normal 
conditions may be used as a measure of endurance 
(fatigability). 

Strength is measured as the maximum fort? 
that can be exerted; the score can be evaluated 
with reference to general population norms. Undet 
certain conditions, e.g., in poliomyelitis wher 
only some muscle groups are affected, it may be 
more meaningful to determine the strength ofs 
particular group of muscles in relation to th 
strength of other muscles. Speed can be de- 
termined either as the average time needed for 
movement or as the rapidity of successive move 
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ments, €.g., in tapping. Accuracy refers to the 
spatial characteristics of a movement and can be 
measured, e.g., as a deviation of the hits from the 
center of a target. In occupational work, accuracy 
usually involves not only a purely spatial char- 
acter but also the element of timing and of grada- 
tion in strength. The extent of movement is of 
special interest in pathological conditions where 


one can determine either the arc through which a ~ 


part of the body can be moved at a joint or the 
accuracy with which a movement can be volun- 
tarily reproduced. 

Systems of athletic tests which score a per- 
formance simply as ‘‘success”’ or “‘failure,’’ such 
as the Brace scale of motor ability tests, may be 
useful for the establishment of gross differences 
between individuals and can be given as a group 
test, thus saving much time (30). The Illinois 
motor fitness screen test (31) is also based on an 
“all-or-none”’ principle of scoring of each of the 14 
items. In research work in which the improvement 
or the deterioration of individuals is studied, one 
should select performance which is capable of 
fine gradation and of objective evaluation. These 
tests are usually of the analytical type and at- 
tempt to measure single aspects of motor per- 
formance such as speed or coordination in a ‘‘pure”’ 
form. The more simple a performance, the easier 
it is to standardize the work method; also, the 
amount of, training necessary to reach a plateau 
is proportionately smaller. On the other hand, it 
appears that the simpler responses are less sensi- 
tive to stress. 

Our experience confirms the statement that ‘‘for 
both receptive processes and active processes the 
evidence of deficit becomes more pronounced as 
performance becomes more complex’”’ (382A). We 
have found that in the face of stress—such as 
starvation—simple strength is affected least; the 
complex performance of pattern tracing shows 
the largest deterioration; tapping and gross body- 
reaction time are intermediate. 

Where one deals with the rehabilitation of pa- 
tients who will be returned to a specific job, the 
use of complex ‘‘miniature job situations”’ to test 
the performance level has its advantages. The 
importance of standard job tests for selective 
Purposes was emphasized by Drake (33). Gold- 
stein (34), in his study of brain injuries, included 
both “abstract”? performance tests (simple and 

hoice reaction time and ergographic tests) and 
he “concrete” tests (workshop method). It is 
coming apparent that job performance is more 
han & sum of its sensory and motor ‘“‘elements’’; 
lirect study of complex activities having im- 
portant ‘“‘mental’’? components reveals behavior 
haracteristics which cannot be derived from the 
‘parate study of ‘local’? neuromuscular mecha- 
usms. This is well illustrated in Bartlett’s study 
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of the deterioration in pilot performance resulting 
from work fatigue; the isolated local actions of 
control could still be carried out satisfactorily 
while the organized, coordinated and timed re- 
sponses could not be maintained (35). An example 
of a partly specialized battery is found in the 
Psychomotor classification tests of the Army Air 
Forces (36). 

Changes in motor performance in disease or in 
convalescence have not been studied extensively 
although weakness and exaggerated body sway, 
incoordination and sluggishness are frequent 
clinical symptoms, capable of quantitative evalua- 
tion. When the standardized test techniques have 
been applied to these situations they have been 
shown to be useful as criteria of fitness. 

Co Tui ct al. have been able to measure improve- 
ment in strength and endurance in convalescent 
surgical patients by the use of a new bedside ergo- 
graph (37). Brahme described a similar instrument 
(38) which will measure the ability to maintain a 
maximal grip or record successive performance 
following each other in a given tempo. Curves 
of patients recovering from various diseases il- 
lustrate the results obtained with this technique. 
Whereas a group of patients who received treat- 
ment for chronic polyarthritis averaged on admis- 
sion 27.4 kgm./min. (minim. 11—max. 67), on dis- 
charge they had an average score of 67.4 kgm./min. 
(minim. 34—max. 94). Ergographic records, to- 
gether with tests for electrical excitability and 
electromyograms recording the electrical action 
potentials released during muscle contraction, 
have been used successfully for quantitative meas- 
urement of regeneration of injured peripheral 
nerves (39). The authors report that this method 
yielded significant information in cases of polio- 
myelitis and infectious polyneuritis. 

The findings on deterioration of motor processes 
in psychiatric patients have been summarized by 
Hunt and Cofer (32B). In a number of psychiatric 
groups the average reaction time was longer than 
in normal individuals; also, the intra-individual 
variability increased. 

Tapping, regarded as a measure of the efficiency 
of motor centers, was investigated in patient 
with circulatory insufficiency (40). The maximum 
frequency of motor responses per unit of time was 
reduced and fatigability increased. Finger ergo- 
graphs, muscle strength in “back pull,’”’ heavy 
dynamic and static work (lifting and horizontal 
holding of dumbbells), together with circulatory 
and respiratory tests have been used to demon- 
strate that methyltestosterone treatment of pa- 
tients with diminished production of sexual hor- 
mone increased muscular performance (41). 

There is an increasing use of quantitative per- 
formance tests in the study of the recovery from 
direct neuromuscular impairment or muscular 
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deterioration resulting from fractures. As an ex- 
ample of the first category we may mention the 
work of Molander and Weinmann (42) on polio- 
myelitis, in which various objective tests were 
given through a period up to 3 years to follow 
improvement in muscle function. The examina- 
tions included (1) functional classification of 
muscles, based on the ability to perform a simple 
movement against gravity and resistance; (2) 
determination of the active and passive range of 
motion on a protractor scale; (3) muscle strength, 
measured by a set of spring balances; (4) endur- 
ance expressed as a rate of decline on the muscle 
strength tests repeated in succession 10 to 15 times. 

It may be expected that significant.-improve- 
ment in the methods for evaluation of motor fit- 
ness will come out of the intensive rehabilitation 
program which is being developed by the armed 
forces. For example, at the Fitzsimmons Hospital 
(Denver) observations are made of the physical 
performance of convalescents during their ac- 
tivity program. In addition, repeated measure- 
ments of physical and motor fitness are made and 
postural examinations are also carried out in 
order to obtain a comprehensive and meaningful 
picture of the progress of convalescence (43). 
Unfortunately the full details are not yet 
available. 

Experiments on the effects of enforced bed rest 
on normal men are in progress at this Laboratory. 
One aspect of this program is the study of motor 
deterioration and recovery. The preliminary re- 
sults stiggest that the ataxiameter, measuring the 
amount of body sway, shows the largest deviation 
from the control values obtained before the sub- 
ject was put to bed; repeated measurements show 
improvement reflecting the course of recovery. 
Pattern tracing, a complex motor task performed 
while the subject walks on the treadmill and re- 
quiring a good deal of eye-hand coordination, and 
the test of strength of the trunk muscles (‘‘back- 
pull’) showed also a significant deterioration 
when measured in post bed-rest conditions. The 
strength of grip (hand dynamometer) and the 
speed of movement as measured by ball-pipe test 
and tapping did not change appreciably. 

Sensory and intellective functions. On theoretical 
grounds we may expect that in disease the central 
nervous system will be resistant to deterioration. 
Actual knowledge of the effects of pathological 
processes on sensory and intellective functions is 
limited. 

The effects of some of the basic physiological 
factors (oxygen supply, blood sugar level, acid-base 
balance of blood, nutritional and endocrine fac- 
tors) have been reviewed (44). In discussing the 
effects of disease, Shock stated: ‘‘While hereditary 
syphilis may interfere with mental development 
in young children if left untreated, there is no 
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good evidence that diabetes, tuberculosis, heart 
disease, or allergy causes significant alterations 
in behavior because of their physiological effects, 
On the other hand any disease may have profound 
effects on behavior by influencing the social en. 
vironment of the patient’’ (44). 

In poliomyelitis resulting in motor deteriora- 
tion, the intellective functions seem not to be im- 
paired (45). There is some evidence that learning 
ability in children is impaired when they are main- 
tained on a low thiamine intake (46). 

The disturbance of perception is of importance 
in various mental diseases and in cerebral injuries 
(34). It has been found that manic depressive 
patients exhibited a slowing down of the rate of 
fluctuation in ambiguous figures (47). We found a 
slight decrease in subjects severely restricted in 
vitamin B complex intake. Critical fusion fre- 
quency of flicker (F.F.F.) as an index of the ef- 
ficiency of the sensory centers was studied under 
conditions of general fatigue, drug stimulation 
and in disease. This measurement might be used 
to study recovery in post-concussion states (48). 
F.F.F. was reported as decreased in circulatory 
insufficiency and in patients with hypothyroidism 
(49). Improvement of visual functions and in 
psychomotor performance has been cemonstrated 
following the use of cold hip baths (50). In this 
Laboratory we have investigated changes in the 
peripheral visual field in normal young men sub- 
sisting on inadequate food and water intakes. A 
progressive decrease in the size of the visual field 
was observed, from 5 per cent on the second day to 
11 per cent on the fourth day along with a 7.3 per 
cent loss of body weight. Gellhorn and Hailman 
have made a survey of visual and other sensory 
measurements which are useful in the study of the 
effects of anoxia (51). In studying pain heat, elec- 
trical current and mechanical pressure can serve 
as calibrated stimuli. Attention may be paid either 
to the liminal values (pain sensitivity) or to the 
maximal stimuli tolerated (pain tolerance). Pait 
sensitivity is more directly related to the immedi 
ate neuro-sensory mechanisms; pain tolerance 
may be expected to involve to a greater extent the 
personality factors and serve as a broader index 
of the capacity for tolerance of discomfort havitg 
appreciable correlation with willingness to exer 
physically. 

Emotional status. In research on “physical fi 
ness” the study of emotional status related 
“morale” is of acknowledged importance. For the 
most part we have to deal with the feelings of well- 
being rather than with personality (characteh 
temperament, attitudes, interests), although th 
latter provides a frame of reference in which the 
changes in emotional adjustment will be exp 
and, occasionally, may become an integral part 
fitness research. Changes in personality have be! 
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studied in the Laboratory during partial and acute 
restriction of vitamin B complex intake. Subjec- 
tive questionnaires, inter-individual ratings, 
Cattell’s Cursive Miniature Situation (C.M.S.) 
Personality Test (52), Minnesota Multiphasic 
Personality Inventory (54) and the Rorschach test 
(54) were found to be useful. 

Subjective questionnaires can be designed to 
indicate the presence or absence of ‘‘neurasthenia 
symptoms” or they may be directed to more 
specific subjective difficulties arising in a particu- 
lar stress situation. Data from a study of the 
effects of subsistence on a very low level of caloric 
and water intake illustrate the latter condition. 
Besides the general symptoms of discomfort 
(headache, dizziness, feeling of being ‘‘shaky,’’ 
tiredness, irritability, decline of mental alertness, 
ete.), the questionnaire included more specific 
items such as nausea, dry mouth, gastrointestinal 
distress and hunger. The response categories were 
“absent or normal’? (weight 0), ‘‘more than nor- 
mal” (weight 1), ‘‘quite a bit’? (weight 2), ‘‘very 
much so’’ (weight 3). A general trend of deteriora- 
tion can be expressed by an over-all score which 
corresponds to the weighted sum of the 20 items. 
The average P.M. scores on the successive days 
were 5.4, 10.2, 13.7, and 16.2. 

We are well aware of some of the difficulties in- 
volved in subjective questionnaires. Judgments, 


especially as to degree, depend upon strictly per- 
sonal criteria, upon introspective ability which 


varies from individual to individual, and the 
memory of previous states of feeling. In long-term 
experiments or in convalescence the changes may 
be very gradual and therefore easily missed. How- 
ever, we may expect that there will be considerable 
differences between different traits rated. Thus a 
subject or a patient will be less able to estimate 
his “mental alertness” than a headache or 
presence of thirst. The final criterion of the value 
of this technique is operational. Does the ques- 
tionnaire, under well controlled conditions, show 
differences where there are differences in the ex- 
perimental regime? 

Comments. Schneider (8B) states that ‘‘physical 
fitness” ig frequently taken to mean general 
health. This is an unfortunate confusion of terms 
since a high degree of athletic performance is com- 
patible with some disease states (55). Further- 
hore, the assumption (commonly used in validat- 
ing tests which might be useful in differentiating 
degrees of health) that a group of athletes is 
“healthier” than a group of sedentary workers, 
both groups being certified by a physician as free 
ftom disease, does not appear to be based on valid 
Vidence. It is most unlikely that an individual 
rho is fit to resist one stress (physical exertion) 
ill be fit to resist all stresses. For a more precise 
iefinition of the relationships between fitness tests 
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and health, two questions might be considered: 
the sensitivity of these tests to deterioration and 
their ability to predict resistance to stress. 

Tests of the general type discussed above have 
been used successfully in many stress situations; 
as examples one might mention that cardiovascu- 
lar and respiratory tests are sensitive to many 
acute and chronic diseases, to the stress of heat, 
anoxia and exhausting exercise, and that sensory 
and psychomotor tests are sensitive to anoxia, 
loss of sleep, old age, and starvation. It is apparent 
that the degree of systemic deterioration can 
best be determined by the combined use of physi- 
ological and psychological methods. However, 
much remains to be done in developing more sensi- 
tive tests in specific situations. For example, there 
is no test sufficiently sensitive to the stress of 
ordinary industrial work. 

The limitations and advantages of fitness tests 
will be more clearly defined when we know what 
combination of fitness tests, new or old, will pre- 
dict ability to withstand the following stresses: 
starvation, anoxia, heat, cold, toxic agents, noise, 
loss of sleep, common infections (such as colds, 
flu, etc.), malnutrition and development of de- 
generative diseases such as hypertension and 
arteriosclerosis. At first glance such a program ap- 
pears to be overly ambitious and technically im- 
possible. However, two attempts in this general 
direction give hope that this goal can be reached: 
successful prediction (24) of the ability to ac- 
climatize to high altitude, and the progress that 
has been made in the use of the cold pressor test 
in predicting the development of hyperten- 
sion (56). 

Vocational guidance based on objective assess- 
ment of physiological and psychological aspects 
of work capacity, vocational retraining and selec- 
tive placement in industry (or in the armed ser- 
vices) are important parts of rehabilitation pro- 
grams (57). In vocational guidance and selection 
special standardized tests which have been vali- 
dated against specific criteria of job success must 
be used (58, 59). Further research on the relation 
between physical and mental make-up and effi- 
ciency in industrial work is needed. Particularly 
the minimal fitness standards compatible with 
efficiency of production and safety on the job will 
require increased attention. 

Simonson (60) estimates that in about 80 per , 
cent of all jobs in industry muscular ‘effort is | 
slight or moderate. Under these conditions the 
study of sensory efficiency, especially in the visual 
area (61), and of motor performance assumes pro- 
portionately greater importance than the bio- 
chemical and cardiovascular changes. However, 
the degree of cardiovascular fitness compatible 
with efficient work in different types of industrial 
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occupations constitutes a problem of obvious im- 
portance in convalescence studies. 

In much laboratory fitness testing an attempt 
is made to probe into functions which represent 
biologically meaningful components of work ca- 
pacity. It is in this sense that one may speak of 
general fitness, not that any single test measures a 
hypothetical ‘‘common factor’’ involved to the 
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same degree in all kinds of motor, mechanical or 
exhaustive performance. This Laboratory has 
made an effort to develop a battery of general 
tests which samples the basic components of a 
wide range of activities and provides a basis for 
broader inferences as to the effects of an experi- 
mental regimen on fitness. 
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The réle of the heart in convalescence may seem 
at first glance to be a minor one. However, even 
in conditions which do not involve primary defects 
in the heart muscle, the coronary flow, the heart 
valves or in the excitation and conduction system, 
there are obviously three general types of situa- 
tions in which cardiac physiology is crucial to 
the problem at hand. First, it is apparent that the 
onset of cardiac failure is the critical occurrence 
which ultimately determines life or death in 
numerous situations. Second, the cardiac reserve 
capacity is undoubtedly one factor determining 
fitness for physical exertion following illness of 
various sorts. Third, the activity of the heart in 
the integrated circulatory system is a cen- 
tral problem in neuro-circulatory asthenia or 
Da Costa’s effort syndrome, and in related states. 
The problem of convalescence in the specific 
disorders of the heart itself will not be considered 
at this time. 

A critical review of existing information on the 
tle of the heart in the physiology of convalescence 
isan extremely difficult and unsatisfying assign- 
ment because a comprehensive coverage of the 
tangentially applicable literature would require 
an amount of time and space probably unwar- 
ranted by the value of the result, and because 
there are so few observations bearing squarely 
upon the problem. It has seemed to the author, 
therefore, that a better purpose would be served 
by outlining the problem broadly, bringing into 
the discussion the relevant facts with which he is 
familiar and suggesting possibly fruitful lines for 
further study. 

A review of Biological Abstracts and the 
Quarterly Cumulative Index Medicus reveals very 
few entries which bear directly upon the problem 
ofthe heart in convalescence in the absence of 
frank heart disease. These few deal with such 
subjects as cardiac abnormalities in avitaminosis, 
inendocrine disorders, in such infectious diseases 
8 diphtheria and comparable topics. The physi- 
ogist is treading on dangerous ground and must 
be cautious when he discusses the functional sig- 
lificance and problems of an organ in convales- 
ttnce generally, disorders of which are ordinarily 
blieved not to be critical to survival or full re- 
every. It is a principle of first importance that in 
‘sidering any scientific question the relative 
Mportance of the various factors involved be 
Stablished. The astute physician cannot be con- 
*med too much with minor matters when major 
sues are at stake. After the more important 


factors have been dealt with is the time to pay at- 
tention to the less critical ones. Therefore, his 
lack of interest in the heart in convalescence may 
indicate that the physician has reason to believe 
that the heart is of less importance to survival 
and full recovery than are other organs. On the 
other hand, it may be that some important factors 
are being ignored. 

It is an interesting and arresting fact that with 
progress in medical knowledge the exhibition of 
drugs purporting to “support the heart’’ in non- 
cardiac disease has progressively diminished. In 
the main, drugs other than the cardiac glycosides 
employed in the past and even at the present time, 
supposedly to strengthen cardiac contraction, 
actually operate upon the peripheral vascular sys- 
tem. To be sure such action has a round about 
effect upon the condition and the work of the heart 
by altering the venous return and the coronary 
circulation, but the primary action is upon the 
peripheral blood vessels and not upon the heart. 
An example is coramine, which has no direct 
cardiotonic action (1), but may nevertheless be a 
useful drug. Even in the cases of agents such as the 
sympathomimetic amines, natural and synthetic, 
which do act directly upon the myocardium as well 
as on vessels, their main effect in the usual doses 
is probably exerted via their vascular actions. 

1. The principles of cardiac physiology bearing 
upon the convalescence problem. As a part of the 
total organism the whole function of the heart is to 
deliver blood in a continuous manner to the other 
body organs in amounts adequate to their needs 
for survival and activity. In order to perform this 
service to other organs the heart must be capable 
of converting certain amounts of chemical energy 
into mechanical work with at the least a certain 
minima] efficiency. Again, for this to occur the 
myocardium must be supplied with at least its 
minimum metabolic needs for energy and repair, 
and must be rid of metabolic wastes. Thus for its 
continuous operation the heart is dependent upon 
the proper functioning of such organs as the lungs, 
the liver and the kidneys. 

On the hydrodynamic side the ability of the 
heart to function effectively as a pump depends 
upon the state of the vascular system. In common 
with every other machine doing work thé heart 
does its work with varying efficiency depending 
upon the conditions of loading. In general the 
efficiency of the heart falls off as its filling de- 
creases. Therefore when the venous return dimin- 
ishes the heart becomes inefficient as a machine. 
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This is perhaps the most important physiological 
phenomenon in connection with peripheral circu- 
latory failure. In any situation in which there is a 
sufficient primary decrease in venous return, be it 
due to diminished blood volume or to peripheral 
blood pooling, the heart itself becomes progres- 
sively less able to deliver adequate stroke volumes 
under sufficient pressure to maintain the coronary 
and peripheral vascular flows, and unless the 
vicious circle is broken the process leads ir- 
revocably to to death. So it appears that in the 
last analysis it is progressive cardiac failure that 
forms half of the circle in the round of events 
which causes the fatal outcome in states with re- 
duced blood volume, as in shock or hemorrhage, 
and in states of peripheral vascular collapse (dila- 
tion), such as terminal toxic infectious states, 
histamine poisoning and other anaphylactoid and 
perhaps anaphylactic reactions, heat stroke and 
other disorders. 

On the metabolic score the heart fails as its fuel 
supply is exhausted and as certain, as yet un- 
known, metabolites increase. In the isolated heart, 
failure occurs with fuel supply (glycogen) ade- 
quate (2). Such failure ordinarily occurs without 
a decrease in total energy expenditure at a given 
diastolic fiber length, so long as the coronary flow 
remains high (3). Thus it is an efficiency and not 
an energy failure.1 The chemical reason for such 
efficiency failure is unknown. The problem of as- 
certaining this chemical mechanism is a central 
one in the physiology of heart failure. A few clues 
exist. Experience with the use of the heart-lung 
preparation as the pump for perfusion of the 
kidney provides an impression that spontaneous 
failure of the heart is much delayed in such a sys- 
tem as compared with the heart-lung preparation 
alone. No critical experiments appear to have been 
carried out to test this question or the related ones 
as to whether other individual organs such as the 
liver may add to or remove from the blood sub- 
stances influencing the failure process in the heart. 

A great variety of substances and conditions 
have been tested for their failure-influencing 
effects. Increased work load, especially against 
high pressures, accelerates the failure process 
(4). So does increased acidity, relative oxygen 
want, elevated temperature and elevated right 
heart pressure which latter impedes coronary sinus 
and thebesian vein outflow, thus diminishing 


1Two groups of investigators (6, 7) have re- 
ported experimental failure in the isolated and 
heart-lung heart to occur without efficiency de- 
cline. These observations have been reviewed pre- 
viously (8). Other workers (9, 10, 11, 12, 13) agree 
that the efficiency declines in experimental failure 
except when coronary flow is interfered with. 
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coronary circulation. The after effect of large 
doses of adrenaline is also one of hastening 
failure (5). 

Since the degree of cardiac failure can be the 
critical factor determining survival or death in 4 
variety of situations it seems apparent that an 
improvement in recovery rates might follow if 
better methods were available for reversing the 
trend toward progressive heart failure. Some 
rational measures are available, such as increasing 
the oxygen supply by administering higher ten- 
sions in the inspired air. Raising the blood volume 
is useful so long as the increased filling of the 
heart does not produce dilation with increased 
energy liberation, and thus precipitate final 
failure. The cardiac glycosides may have a useful 
application in certain instances. 

However, the actual chemical factors under- 
lying heart failure are still unknown. It is entirely 
possible that their elucidation will point the way 
to much more effective methods of supporting a 
failing myocardium free of structural defects. 
An obviously desirable line of study is in the more 
intimate chemical aspects of heart failure. 

2. Bed rest and cardiac reserve. Prolonged bed 
rest is an element in so many treatment procedures 
that it deserves special consideration from several 
viewpoints. The work load upon the heart 
ordinarily depends so largely upon the amount of 
bodily muscular activity that bed rest reduces 
cardiac work toward the minimum compatible 
with life. Such a reduction may in certain stages 
of heart failure so lighten the heart’s load as to 
initiate a reversal of the failure process. Pre- 
sumably this comes about by decreasing the 
energy expenditure and therefore the oxygen cot- 
sumption rate in the heart, allowing more con- 
plete approach to recovery and decreasing the con- 
centration of activity metabolites, some of which 
latter are usually assumed to be responsible for 
the inefficiency of work performance that one 
sees in experimental failure. An alternative pos 
sibility is that the overworked heart exhausts it- 
self of certain essential materials (not necessarily 
those supplying energy) whose replacement rate 
cannot keep pace with the loss rate unless cardia¢ 
metabolism requirements are reduced. In aly 
case, reduction of cardiac work by bodily rest 
does bring about reversal in heart failure in mal 
with great regularity in milder degrees of decot- 
pensation, just as a similar reduction in cardist 
work sets up a reversal in the progression toward 
fatal inefficiency and increase in diastolic volum 
at constant stroke volume in the isolated dog 
cat heart. The fact that such a reduction in cardis¢ 
work and energy expenditure reverses the trend 
toward progressive failure is adequate justifica 
tion for achieving it whenever myocardial failut 
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is present. Thus absolute bed rest is indicated 
whenever cardiac insufficiency is present. 

But reducing cardiac work has other effects, 
especially in the normal heart. So far as is known 
all muscular structures respond to increased loads 
of work, within physiological limits and under 
normal chemical conditions, by an increase in 
capacity to do work, and by increase in active 
mass. Conversely long continued relief from heavy 
loads is soon followed by an involution, functional 
and structural. The chemical composition of heart 
muscle may be considerably altered by heavy work. 
Swimming rats for example show elevated cardiac 
glycogen, particularly in the  post-exercise 
period (14). 

It is apparently an unsolved question what part 
of the debility of patients subjected to prolonged 
bed rest may be due to a primary cardiac weakness 
resulting from what might properly be termed 
partial disuse involution. It is not likely that such 
acause would operate alone in most instances to 
bring about the low exercise tolerance, tachy- 
cardia on exertion and related symptoms in con- 
valescents, but as a contributing factor of 


importance it cannot be ruled out without further 
study. Thus the effect of prolonged inactivity. on 
cardiac reserve capacity, and the further conse- 
quences of the latter on fitness deserve greater 


attention. 

3. The assessment of fitness. It is not accidental 
that nearly every so-called fitness test in current 
we (for references see (15)), utilizes, among other 
triteria, the changes in heart rate in exercise. 
There is a significant inverse correlation between 
heart rate at definite intervals after standard work 
loads over short periods of time and capacity to 
perform over longer periods. An oversimplifica- 
tion of the problem would be unfortunate but it 
tan scarcely be doubted that, among other factors 
partly responsible for this relationship, the maxi- 
mum (or perhaps optimum) stroke volume of the 
heart is a determinant (16, 17). A satisfactory 
analysis of this relationship has not been made. 
lnspite of literally hundreds of fitness studies the 
underlying physiology has received scanty atten- 
tion. Most workers have contented themselves 
vith statistical evaluations of the practical use- 
fulness of particular types of tests. Such studies 
have an important place and have resulted in 
definite improvements in evaluation procedures. 
Nevertheless there are still important dis- 
‘epancies between prediction from fitness tests 
ind performance (18) and it would seem unlikely 
that such discrepancies could be resolved without 
futher fundamental study. 

The cardiac acceleration in exercise is brought 

ut mainly by nervous mechanisms. There is 
PPparently a central nervous factor that comes 
nto action at the onset of movement (19). Later 
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reflexes control the heart rate to a large extent. 
The afferent arms of the reflexes brought into 
play are the nerves from the vasosensitive zones 
and proprioceptive nerves from the muscles, ten- 
dons and joints brought into action in exercise. 
The relative contribution made by each is 
unknown, and therefore the question of the limit- 
ing effect of cardiac work capacity on exercise 
heart rates is unsolved. A very important measure- 
ment which would assist in solving this problem 
would be that of right atrial (venous) pressure in 
exercise, in relation to heart rate changes. It is 
known that the venous pressure rises in exercise 
(20), and that the rise is roughly proportional to 
the severity of work (21) but that the increased 
heart rate minimizes the venous pressure rise. 
Apparently correlations of extent of rise with 
heart rate changes and with fitness have not 
been made. 

In recent years the emphasis in fitness studies 
has been placed on the peripheral vascular sys- 
tem, the nervous system, particularly the auto- 
nomic division and upon skeletal muscle training. 
Without discounting the importance of those fac- 
tors it seems obvious that the heart itself should 
not be neglected in these studies. The three most 
accessible important variables for measurement 
are the venous pressure, the diastolic volume and 
the stroke output. Together these quantities can 
be made to yield important information concern- 
ing the work capacity and efficiency of the heart 
and deserve much greater attention than they 
have received in fitness studies. 

4. The relation between heart rate and cardiac 
efficiency: Since every fitness test indicates that 
high post-exercise heart rates are associated with 
poor performance (18), and since trained athletes 
tend to show low basal heart rates (16), it is of 
some interest to correlate these facts with more 
basic information. The isolated heart performs a 
standard amount of work per unit of time more 
economically as to energy cost the larger the 
stroke volume. In other words, for constant mi- 
nute volumes the efficiency of doing work increases 
as the heart rate falls (22). This is due to the fact 
that over a wide range the loading efficiency in- 
creases with increasing volume loads (13). 

Thus the lower the heart rate at which a given 
load can be carried the more efficiently can it be 
done from an energetic viewpoint. So it appears 
that the slower hearts are the more efficient ones 
and it is therefore not surprising that they can 
carry the heavier loads over longer periods of time. 

To complete the picture of the influence of heart 
rate on cardiac energy expenditure the energy 
cost per beat must be considered. In this regard 
it has been found that at a given constant diastolic 
fiber length the energy cost per contraction de- 
creases as the heart rate increases (22). The de- 
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crease in total energy cost is not nearly as great 
as the decrease in work output and therefore, as 
noted above, the efficiency falls. Nevertheless it 
is important to note that a tachycardia in a sub- 
ject at rest need not increase cardiac metabolism 
in full proportion to the increase in heart rate. It is 
mainly when the work load on such a heart in- 
creases above resting levels that embarrassment 
appears. This fact permits the heart in the resting 
subject to beat at very high rates without the 
onset of failure, even in heart disease in cases 
where increased stroke volumes quickly precipi- 
tate decompensation. 

To carry heavy loads of work the heart must 
have a high resting stroke volume and must be 
able to increase the stroke volume greatly in exer- 
cise. Without doubt, at least two factors enter into 
the latter. First, there is a tendency toward in- 
creased diastolic filling and increased energy out- 
put following the diastolic volume law. But the 
residual blood decreases too, as is evidenced by 
the smaller systolic volume (23), and since the 
mean systolic blood pressure is not reduced in 
exercise One is forced to conclude that a second 
mechanism comes into play, namely a change in 
work capacity at a given diastolic volume. This 
change is comparable to the one produced by ad- 
renaline in the isolated heart (11). It is not an 
unreasonable supposition that adrenaline (sym- 
pathin) is mainly responsible for the effect in the 
intact organism. 

Since the rate increase is only one of the effects 
of adrenaline upon the heart it would seem that the 
subjects with the faster resting heart rates might 
be continuously under the influence of abnormally 
high levels of adrenaline in the heart muscle. This 
effect might be, and probably is, disadvantageous 
to the mycocardium. Very small amounts of ad- 
renaline plus cholinergic drugs increase cardiac 
efficiency, without heart rate change (24, 25), but 
high adrenaline levels greatly decrease effi- 
ciency (11). 

It would seem to be worth studying the réle of 
chemical effects of the agents causing increased 
heart rates upon the work capacity of the heart, in 
relation to the problem of fitness. A high concen- 
tration of an agent like adrenaline in heart muscle 
might set certain metabolic processes at such a 
rate that the desirable approach to the recovery 
condition is not maintained. The heart muscle in 
life never fully recovers from contraction in the 
sense that skeletal muscle does, but it must never- 
theless be maintained at a certain position ap- 
proaching full recovery in order to carry on effi- 
ciently. This position can apparently be altered by 
adrenaline. Whether such changes are responsible 
for fitness levels would seem to warrant study. 

5. The effort syndrome. In every major conflict 
since the American Civil War attention has been 


paid by medical officers to the so-called “effox 
syndrome”’ first fully described by Da Costa (26); 
Various names have been applied to the condition, 
and the fact that the disorder is not specifically 
limited to fighting men has been pointed out since 
the first report. Nevertheless it is commonly held 
that emotional strain in persons in general ill- 
health and/or with constitutional factors dis. 
posing to the disease is a precipitating factor. 

Numerous recent reviews have discussed the 
known facts in connection with this disorder (27, 
28, 29, 39). The most comprehensive review (31) 
comes to no conclusion as to the basic functional 
disturbance. Many of the symptoms can be simu- 
lated by hyperventilation and certain investiga- 
tors (82) conclude that hyperventilation alkalosis 
is the cause of the other symptoms. However these 
workers neglect the fact that in their own cases the 
pathological effects of hyperventilation occur at 
much lower pH in their effort syndrome subjects 
than in their normals. Consequently it is obvious 
from their own data that some difference besides 
hyperventilation exists between the two groups 

Other workers (33) have shown in asimilar group 
of subjects that the arterial oxygen saturation is 
from 4 to 10 per cent below normal in effort syn- 
drome. These subjects frequently showed 2 
Cheynes-Stokes type of respiration indicative of 
central anoxia. Frequent sighing also occurs in this 
disorder. It is difficult to reconcile low arterial 
oxygen saturation with hyperventilation, 4l- 
though it is possible that with excessive aeration 
of parts of the lungs, combined with poor aeration 
of certain other parts, the mixed arterial blood 
could have a low carbon dioxide content and a high 
pH. This is true because the alveolar carbon di- 
oxide tension can be lowered relatively more than 
the oxygen tension can be raised by increased aers- 
tion of the lungs. Consequently if, for example, # 
per cent of the lungs were over-ventilated and 2 
per cent were not ventilated at all, one could ob- 
tain approximately the observed low oxygen satu: 
ration and the low carbon dioxide tension in the 
mixed arterial blood. It should be pointed out, 
however, that the oxygen saturation and carbod 
dioxide studies were made on different subjects by 
different investigators. 

The heart is the focal point of symptomatology 
in effort syndrome. Practically all patients col 
plain of palpitation on slight exertion and malty 
evidence pain and discomfort referable to tht 
heart. It is, however, virtually certain that ther 
is no primary disorder in the heart. Consequently! 
more basic cause for the total syndrome pl 
sumably exists. 

In some way the pathological processes in effor 
syndrome affect the function of the heart. It® 
very unlikely that small decreases in blood oxyg# 
or increases in pH could be responsible for # 
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observed cardiac symptoms. It seems possible that 
persistent changes in autonomic nervous system 
influences could cause the condition. It is not 
likely that a simple increase in sympathetic stimu- 
lation occurs because tachycardia is not consist- 
ently present, but there might easily be increases 
in both sympathetic and parasympathetic dis- 
charges, which would leave the heart rate con- 
stant, and yet allow the adrenaline to exert 
unfavorable metabolic effects on the heart muscle. 
Such an hypothesis would be in harmony with the 
prevalent clinical impression that externally im- 
posed emotional factors are important etiologi- 
cally, along with constitutional tendencies toward 
emotional instability. Apparently no attempts 
have been made to simulate the effort syndrome in 
animals or man by the chronic use of agents such 
as adrenergic and cholinergic drugs. 

6. Conclusions. Cardiac function cannot safely 
be ignored in the general problems of convales- 
cence from diseases which do not primarily affect 
the heart. The rate of onset of cardiac failure is a 
critical factor in determining death or survival ina 
variety of conditions such as shock, hemorrhage 
and toxic states. 

In assessing fitness for exertion the function of 
the heart is a central problem. The stroke volume 
is dependent on energetic factors intrinsic to the 
heart muscle, as well as upon peripheral vascular 


and autonomic nervous factors. The ordinary 
treatment of the cardiac aspect of fitness is much 
too superficial and has not struck at the basic 
problem of the ability of the heart muscle to do 
work. The heart rate changes are secondary to 
more important basic factors. These primary fac- 
tors deserve greater attention than they have 
received. 

The effort syndrome comprises a functional dis- 
order in which disturbances in cardiac physiology, 
although probably not primary, nevertheless ap- 
pear to play an important part. Existing informa- 
tion does not allow one to trace the nature of the 
basic functional disturbance, but there is sugges- 
tive evidence that abnormal autonomic nervous 
influences may be primary to several other dis- 
turbances. Such influences upon the heart could, 
if they occur, rather readily account for palpita- 
tion, left thoracic pain, limited exercise tolerance, 
among other symptoms. 

This statement has been aimed at two objec- 
tives, presenting in general the current state of 
knowledge about the problem, and second indicat- 
ing lines of study which seem to the author to be 
promising. It is very obvious that a wide range of 
problems awaits study, and there is reason to 
believe that such research would be rewarding in 
basic information and useful results. 


REFERENCES 


(1) Perers, H.C.anpM.B. Visscuer. Am. Heart 
J, 11: 278, 1936. (2) Visscuer, M. B. ann A. G. 
Mutper. Am. J. Physiol. 94: 630, 1930. (3) Moz, 
G.K. anp M. B. Visscuer. Am. J. Physiol. 126: 
#1, 1939. (4) Mor, G. K. anp M. B. VisscHer. 
Am. Assoc. for the Adv. of Sci. (Publication 
Number) 13: 100, 1940. (5) Unpublished data. 
(6) Karz, L. M. Anp M. Menptowi1Tz. Am. J. 
Physiol. 122: 262, 1938. (7) Run, A. Arch. f. 
‘xper, Path. u. Pharmakol. 174: 96, 1933. (8) 
IsscHER, M. B. Am. Assoc. for the Adv. of Sci. 
ublication Number, 18: 176, 1940. (9) Daty, I. 
MER. anp W. V. Tuorpe. J. Physiol. 79: 199, 
1933. (10) GotuwitzER-MetreEr, K. anp E. Krucer 
Pfiiger’s Arch, 238: 251, 1936. (11) Greets, H. 
Arch. f. exper. Path. u. Pharmakol. 182: 1, 1936. 
12) Hemineway, A. AND A. R. Fee. J. Physiol. 
W: 299, 1927. (13) Krese, M. ano R. S. Garan. 
arch. f. exper. Path. u. Pharmakol. 188: 226, 1938. 
Mt) Suetitey,W.B.,C.F.CopEANDM.B.VIsscHER. 
An. J. Physiol. 188: 652, 1943. (15) GALLAGHER, 
-R. anp L. Brouua. Yale J. Biol. and Med. 16: 
1, 1943. (16) ScHNEIDER, E. C. anv C. B. Cramp- 
N. Ara. J. Physiol. 129: 165, 1940. (17) Stewart, 


H. J. anp R. R. Watson. J. Clin. Investigation 
19: 35, 1940. (18) GALLAGHER, J. AND L. Brouwa. 
Yale J. Biol. and Med. 16: 657, 1943. (19) G1LLEs- 
pre, R. D. J. Physiol. 58: 425, 1924. (20) Hooker. 
Am. J. Physiol. 28: 235, 1911. (21) Wuuirte, H. L. 
AND R. M. Moore. Am. J. Physiol. 73: 636, 1935. 
(22) Starutine, E. H. ann M. B. Visscuer. J. 
Physiol. 62: 16, 1927. (23) Litsestranp, G., E. 
LysHOLM AND G. Nytuin. Skand. Arch. f. Physiol. 
80: 265, 1938. (24) GoLtwitzeR-MEtER, K. anp 
E. Kruaer. Pfliiger’s Arch. 240: 89, 1938. (25) 
GremE Ls, H. Arch. f. exper. Path. u. Pharmakol. 
169: 689, 1933. (26) DaCosta, J. M. Am. J. Med. 


Sci. N. S. 61, 62: 2, 1871. (27) Jones, M. ann R. 


ScarisBRick. War Med. 2: 901, 1942. (28) Masrsr, 
A. M. U. S. Nav. Med. Bull. 41: 666, 1943. (29) 
OPPENHEIMER, B. S. Bull. N. Y. Acad. Med. 18: 
367, 1942. (30) Waite, P. D. Army Med. Bull. 
no. 65: 196, 1943. (31) Woon, P. British Med. J. 
No. 4195: 805, 1941. (32) Soney, M. H. anv N. W. 
SHock. Am. J. Med. Sci. 196: 840, 1908. (33) 
Hick, F. K., A. W. CurisTIAn AND P. W. Smita. 
Am. J. Med. Sci. 194: 800, 1943. 








FEDERATION PROCEEDINGS 


CIRCULATORY ADJUSTMENTS: THE PERIPHERAL CIRCULATION 





EUGENE M. LANDIS 


In considering the physiological state of the 
peripheral blood vessels during recovery from dis- 
ease or injury, it must be recognized at once that 
the term convalescence, as usually used, includes a 
wide variety of completely different conditions. 
Thus, a group of young soldiers, though initially in 
good physical condition, will as individual pa- 
tients in their convalescent period present com- 
pletely different peripheral circulatory problems. 
These will depend upon the site, nature and seri- 
ousness of their wounds, as well as upon the opera- 
tive treatment required. Even during recovery the 
reactions of the peripheral vessels will be influ- 
enced by the amount of blood lost, and by the 
promptness and completeness with which plasma 
proteins and erythrocytes have been replaced 
either by intravenous administration or by the 
patient’s own tissues. 

Prolonged exposure on the battlefield to thirst 
and heat severe enough to produce vascular col- 
lapse, or to cold severe enough to produce frost- 
bite, often leave the vasomotor system and the 
peripheral vessels abnormally vulnerable to ex- 
treme changes in environmental temperature for 
weeks or months afterward. Injury to nerves, 
secondary infections, and nutritional difficulties 
during the operative period or during intercurrent 
disease also affect vascular function for prolonged 
periods. Excessive vasoconstriction in response to 
emotional disturbances, while seen most clearly in 
Raynaud’s disease, occurs also in milder and less 
dramatic grades so that weakness and anxiety of 
the convalescent patient may produce functional 
vascular abnormalities. Moreover in the older age 
groups, even within the range of 35 to 45 years, 
early degenerative changes in the vascular tree 
make sweeping generalizations unsatisfactory in 
solving difficult individual problems. 

For these reasons consideration of the peripheral 
circulation in the recovery period should avoid all 
tempting diagnostic rules of thumb and particu- 
larly should avoid therapeutic regimentation. It 
follows with equal force that this discussion can 
include only a brief description of several funda- 
mental distortions of vascular physiology common 
to illness in general. In essence convalescence is 
merely a stage of the causative disease or injury 
and it is as impossible to consider under one head- 
ing the manifold peripheral circulatory disturb- 
ances of all convalescent patients as it would be to 
describe together as one topic the pathological 
physiology of immersion foot, shock and pneu- 
monia. 
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It is probably for this reason that the literature 
is relatively barren of studies dealing with the 
peripheral circulation in convalescence as such. 
In fact the few papers available on the general sub. 
ject appeared during or immediately after the first 
world war and, as in the present war, obviously 
arose from the necessity of hastening return of 
soldiers to the front or civilians to their work. As 
would be expected under these circumstances ob- 
jective observations and tests are few, conclusions 
being based largely upon the general effects of a 
set regimen on days of hospitalization for groups of 
patients. 

Bridgman, for instance, in the last war studied 
the length of convalescence by testing perform- 
ance in three stages of graduated exercises, the 
most advanced stage consisting of 40 minutes of 
steady setting-up exercises, one hour of squad 
drill, and a 5-mile hike. Tested in this rigorous 
fashion, which is certainly appropriate for soldiers 
about to be returned directly to full duty, the 
effects of infection or operation last longer than is 
generally assumed in civilian practice. The aver- 
age patient recovering from mumps was able to 
perform the full schedule of exercises about 5 
weeks after onset of the disease; for pneumonia 
recovery required 8 weeks; scarlet fever 11 weeks; 
tonsillitis and sinusitis 5 weeks. Follow-up of 200 
cases showed, however, that 99 per cent fulfilled 
regular duties immediately after discharge. Since 
physical exercise is a test of peripheral circulatory 
adjustment as well as cardiac and respiratory 
function, it would appear that completion of con 
valescence in a military sense requires a more ade- 
quate recovery and greater efficiency of vascular 
coordination than is demanded in civilian life 
where it is possible to discharge the convalescent 
patient with a vague recommendation to ‘‘takeit 
easy for a month or two; let me know if you have 
any trouble and come back for another examin# 
tion in 3 months.”’ 

If there is one common factor in all convales: 
cence, it is that during its initial stages the patien 
changes his position from recumbency to sittilg 
standing, walking and finally working. In thet 
cumbent position the peripheral blood vessels a04 
heart are at about the same hydrostatic level. Tht 
blood pressure in the venous capillaries, thouf 
but slightly higher than that in the large cent! 
veins, supplies in recumbency ample vs a tergo™ 
ensure adequate return of venous blood to o 
heart. Hemorrhage, shock and infection havilf 
been treated successfully, the peripheral circuls 
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tion of the patient may be quite adequate for the 
very minor demands of the recumbent position. 
Latent weakness can still be present and become 
apparent only when the patient attempts to get 
out of bed and to assume the erect position. At this 
time the hydrostatic disadvantage of sitting or 
standing requires immediate adjustments on the 
part of the vasomotor system and peripheral circu- 
lation. Tardiness or incompleteness of adjustment 
leads to faintness, ‘‘giddiness,’’ dimness of vision, 
tachycardia, palpitation, deepened respiration, 
weakness and, if these signals of imminent cerebral 
anemia go unheeded, unconsciousness with a few 
convulsive movements, localized or generalized. 

The administration of the vasodilator drug, so- 
dium nitrite, to healthy young subjects produces a 
similar weakness of the peripheral circulation, 
which is latent in recumbency but quickly obvious 
on standing. Weiss and his coworkers found that in 
the recumbent subject sodium nitrite did not pro- 
duce symptoms, affect venous pressure or reduce 
venous return to the right heart. Yet the tone of 
the venous and capillary systems was reduced as 
shown by a 20 to 40 per cent greater increase in 
limb volume- during passive congestion. Standing 
revealed this weakness more clearly by producing 
syncope owing to distension of the vessels below 
the heart and a rapid fall of venous pressure in the 
lower extremities to levels lower than the hydro- 
static pressure required to return blood to the 
tight heart. The vasomotor system, however, re- 
mained active; the high diastolic pressure at the 
moment of collapse indicated heightened, rather 
than lessened, arteriolar tone. The responses of 
the peripheral vessels to pinch, deep respiration 
and to cold persisted. By exclusion the circulatory 
failure was ascribed by Weiss to diminished car- 
diac output resulting from the stagnation of blood 
in the relatively lax or atonic capillaries and 
venules in the dependent parts of the body. The 
ttitical importance of heightened venous pressure 
intrevealing the greater distensibility of these ves- 
sls is indicated by the absence of symptoms in 
teumbency and their prompt appearance in 
standing. Failure of this type was more likely to 
occur in warm environments and less likely to 
occur in the cold. Epinephrine and pitressin did 
hot protect, against this postural action of. nitrite, 
but paredrinol, which contracts venous reservoirs, 
lieved the symptoms of some subjects though not 
others. 

No sharp line of demarcation separates the nor- 
mal from the abnormal in this respect. In suscepti- 
ble subjects particularly with hypotension the 
fame sequence is observed in warm weather, on 
frst arising in the morning, or on resuming ac- 
tivity after a day or two in bed. Normally the 
tarotid sinus mechanism and the vasomotor sys- 
tem adjust vascular tone to new conditions reflexly 
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within a few seconds and cerebral anemia is re- 
lieved after a very brief period of ‘‘giddiness”’ or 
‘going black.”’ 

In the convalescent patient, however, reeduca- 
tion and training may be necessary at first because 
infections such as colds and sore throat, dehydra- 
tion, blood loss, fever and fatigue all delay and 
enfeeble these adjustments. The potential degree 
and persistence of this enfeeblement has been illus- 
trated by studies on the effects of simple fever, 
produced by heat cabinets or typhoid vaccine for 
several hours, and therefore uncomplicated by 
underlying infection. Such fever leaves a residue 
of maladaptation for some time even after body 
temperature has returned to normal. 

Kopp observed after artificial féver a greater in- 
cidence of immediate or sustained fall of systolic 
blood pressure, more frequent fluctuations of 
blood pressure above and below the initial level, 
inability to maintain an initial rise in systolic 
blood pressure, a fall in diastolic pressure, or in- 
ability of diastolic pressure to rise, greatly reduced 
pulse pressure and a greater or progressive in- 
crease in pulse rate. The symptoms observed in 
sitting and standing included dizziness, eructation 
of gas, restlessness, dyspnea, nausea, weakness, 
blurring of vision, syncope and in some instances 
convulsions. These symptoms were more frequent 
and more marked in patients over 50. He con- 
sidered the responsible factors to be dehydration, 
vasodilatation in a warm environment, early or- 
ganic vascular disease and ‘‘exhaustion of the sym- 
pathetic nervous system.’’ Lack of any direct rela- 
tion between symptoms and the grade of hypoten- 
sion precluded establishing any critical blood 
pressure level. Responses also differed in the same 
patient from day to day so that the convalescent 
should be excused for inconsistencies in his symp- 
toms. Like the symptoms of nitrite action, how- 
ever, those of the post-febrile period were imme- 
diately relieved by recumbency. 

Related to these common disturbances of the 
peripheral circulation in early convalescence are 
the slightly decreased circulation time in fever 
(Wollheim and Lange) or after operations (Bellis 
et al), and the temporary but marked diminution 
of cardiac output for 1 to 4 days postoperatively 
(Snyder). Less certainly relevant to war injuries, 
but nevertheless suggestive, is the finding that 
smoking produces less constriction of the periph- 
eral vessels in patients recovering from cardiac 
failure than in ambulatory subjects (Cates and 
Giovanaszzi). 

The adjustments to physical exercise depend 
only partly on the peripheral vessels but the obser- 
vations of Mann indicate the period required for 
complete recovery even after fever and active in- 
fection have disappeared. Thus, after pneumonia 
the ability of convalescent patients to adjust to 
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exercise, as measured by their blood pressures 
after graded work, was slow. From 8 to 17 days 
without fever were required for return of maxi- 
mum work tolerance. The behavior of blood pres- 
sure during graded work in this series was a more 
sensitive indicator of progressing convalescence 
than was the pulse rate. 

Studies of this kind, though suggestive, are still 
fragmentary and cover only a few of the many situ- 
ations met with in a convalescent bospital. A sys- 
tematic survey is needed, with emphasis on the use 
of modern objective and quantitative methods of 
studying the peripheral vessels. Such a survey 
would supply information to supplant vague gen- 
eralizations and would reveal differences related 
to the underlying disease. These studies should 
logically begin with observations on normal sub- 
jects who are simply confined to bed, proceed to 
normal subjects confined to bed and given artificial 
fever, and then to patients with infection and 
fever, simple operations, trauma followed by sim- 
ple hemorrhage, by shock, by operations and by 
special complications. It has been claimed that 
continued stimulation of the vasomotor system by 
raising the head of the bed 8 to 12 inches at night 
tends to relieve the symptoms to postural hypo- 
tension, but the usefulness of these and other 
medical measures in the recovery of normal vascu- 
lar reactions while still in bed during convales- 
cence has not been explored satisfactorily. 

As a second fundamental principle it must be 
emphasized that the functional effectiveness of the 
peripheral circulation involves more than blood 
vessels, their innervation and their reflexes. Re- 
turn of venous blood from the peripheral vessels 
depends upon intra-abdominal and intra-thoracic 
pressures and, particularly in balanced standing or 
walking, is hastened by the ‘‘muscle-pump”’ work- 
ing in association with the venous valves. The 
importance of avoiding stasis in the lower extremi- 
ties of bedridden patients, by means of deep 
breathing exercises and graded calisthenics in bed, 
is well established. Such muscular movements 
reduce significantly the incidence of postoperative 
thrombosis and pulmonary embolism. 

To this mechanism Henderson suggested adding 
a less obvious but more continuously acting pe- 


ripheral circulatory aid, termed by him variously _ 


as “muscle tonus, intramuscular pressure or the 
venopressor mechanism.’’ Tissue pressure, meas- 
ured directly by a needle inserted into the belly of 
biceps muscles of patients in bed, is lower than 
that of healthy young men. It is apparently low- 
ered by overbreathing, illness, hemorrhage, shock, 
dehydration, anesthesia and operations. It can 
vary widely from muscle to muscle and can be in- 
creased by muscular contraction, carbon dioxide 
inhalation, coramine, small doses of metrazol, ade- 
quate fluids and, according to Henderson, by small 
amounts of strychnine. Mateeff and Petroff have 
described the deleterious circulatory effects of 
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grossly lowered muscle tone in Parkinson’s dig. 
ease, muscular dystrophy and peripheral neuritis, 
Relief of symptoms on standing was obtained in 
some of these patients by applying elastic band. 
ages to the lower extremities. Mayerson and Burch 
found that normal subjects who do not develop 
syncope usually show a more marked increase in 
‘{ntramuscular pressure’? when standing, while 
those who show circulatory embarrassment do not 
show this increase. 

It is still difficult to distinguish cause and effect 
with certainty in this association because more 
adequate filling of the peripheral vessels by dis- 
tant constriction, e.g. in the splanchnic region, 
might simultaneously increase venous return to 
the heart and improve resistance to standing. 
Simultaneously, venous filling and venous pressure 
being greater in the extremities, the tissue pres- 
sure might conceivably increase secondarily in 
muscle bundles enclosed by relatively inelastic 
fascial sheaths. ; 

Whether or not the mechanism is as simple and 
as completely peripheral as Henderson describes, 
the general concept gains considerable support 
from the value of early supervised exercises per- 
formed by patients while still in bed, and followed 
by the programs of calisthenics and “physical 
reconditioning”’ now established in many civilian 
and military hospitals (Rusk, Reid). These meas- 
ures, associated with mental reeducation to reduce 
anxiety and boredom have reduced hospital read- 
missions, sick leaves, and relapsing illness of con- 
valescents en route to home or camp. They have 
also increased the ability to perform full duty at 
once when patients are returned to heavy, routine 
training schedules. 

Assignment of such exercises and urging or com- 
manding their performance places, however, upon 
the physician an additional burden of responsi- 
bility which he does not need to assume when pa- 
tients are allowed spontaneously to do only # 
much as they feel impelled, or able, to do without 
specific recommendation. Such assignments It 
quire careful estimation of the adequacy of the 
peripheral circulation at each stage of convales 
cence. It has been emphasized previously that 
convalescence is a part of each disease, not a sy! 


drome per se. Each patient will therefore preset! 


in addition special problems depending upon past 
history, as well as upon medical, surgical, nutt 
tional, neurological and psychological complic 
tions. Under these circumstances, and particl: 
larly in prolonged convalescence, it is essential '9 
avoid the temptation of regimenting daily Pp! 
grams according to a rigid routine. Even in 4 field 
as restricted as the peripheral circulation, if the 
temptation of adhering to ‘‘routine measures” 8 
not resisted the unquestioned beneficial effects 
the majority will be more than nullified by th 
injury done to the minority. 
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NEUROMUSCULAR DENERVATION, ATROPHY AND REGENERATION 


H, M. HINES 
Department of Physiology, State University of Iowa, Iowa City 


This report will include a brief description of the 
thanges that occur in skeletal muscles following 
the loss of ‘their nerve supply and of the changes 
that take place in these muscles when they un- 
dergo regeneration subsequent to reinnervation. A 
somewhat more detailed account will be presented 
0fmeasures which have been employed for the pur- 
pose of facilitating recovery from peripheral nerve 
injuries. Unless otherwise specified ‘‘denervation”’ 
4sused here, refers to a complete traumatic sepa- 
tation of the axones in peripheral somatic nerves. 
Most of the information concerning atrophy and 
tegeneration has been drawn from the results of 
animal experimentation. There is a paucity of in- 
formation concerning these phenomena in man. 

Morphologic changes. An excellent account of the 
horphologic changes in muscle following denerva- 
tion has been reported by Tower (1). The gross 
thanges consist chiefly of a reduction in the size 

im ‘td weight of the affected muscles. The relation- 
ship of the rate of weight loss in the denervated 
gastrocnemius muscle to time conforms to the 
‘quation for a reaction of the first order (2). Suffi- 
tient data are not available to allow comparable 
tleulations of atrophy rates in the human and 
ther muscles in animals. According to most obser- 
Vitions different rates of denervation atrophy 
cur in different muscles. It is possible that a 
“reful study of the rates of atrophy of different 
huscles might reveal information concerning the 
lindamental causes of atrophy. 

Microscopic studies reveal a number of impor- 


tant and interesting alterations. The earliest and 
most conspicuous change is one involving a loss of 
cytoplasm from the muscle fibers. There is some 
evidence to indicate that the sarcoplasm is lost 
sooner or faster than the myofibrillar substance. A 
remarkable preservation of the cross and longi- 
tudinal striations occurs for a considerable period 
of time after denervation and the end-plates, on 
the whole, show relatively little atrophy. Both the 
extra- and intrafusal fibers undergo comparable 
atrophic changes. There appears to be an increase 
in the number of nuclei as atrophy progresses but 
it is not clear to what extent this is due to an 
increase in total number of nuclei per muscle or to 
a concentration of the original number within 
smaller muscle fibers. The same uncertainty exists 
over the question of whether the increase in con- 
nective tissue represents a condensation of that 
originally in the muscle or whether new connective 
tissue has appeared. The studies based on analysis 
of muscles in different degrees of atrophy for so- 
dium, collagen, chlorides and water suggest that 
the major part of the increase can be attributed to 
relative rather than absolute changes. A late 
change after denervation can best be described as 
degeneration and accounts for the loss of a vari- 
able but relatively small mass of the muscle. The 
end result of denervation atrophy appears to be 
the disappearance of tissue recognizable as muscle 
and the presence of fibrous tissue as the dominant 
structure. It has been established (1) that the 
above mentioned gross and morphologic changes 
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which occur when a peripheral nerve is severed are 
due to the loss of motor-nerve relationships and 
are not appreciably modified by the concomitant 
loss of autonomic and sensory innervation. 

Chemical changes. Skeletal muscle undergoing 
denervation atrophy exhibits numerous changes in 
its chemical composition (3). None of these 
changes are specific effects of denervation inas- 
much as similar alterations are found in atrophies 
resulting from causes other than denervation. 
Many of the changes in the concentration of mus- 
cle constituents are attributed to alterations in 
relative amounts of muscle cell and non-muscle 
cell phases. The latter is represented by the extra- 
cellular spaces, connective tissue, nerve and blood 
vessel structures. During atrophy the relative 
mass of the former progressively diminishes and 
that of the latter increases so that an analysis of 
an atrophic muscle reveals a higher concentration 
of the substances that are contained exclusively or 
largely in the non-muscle cell phase. This accounts 
largely for the increased concentration of fat, 
collagen, sodium and chloride. On the other hand, 
substances confined chiefly to the muscle cells such 
as total acid-soluble phosphate, adenosine triphos- 
phate, creatine, and potassium show a decrease in 
concentration because of a relative diminution in 
the mass of muscle cell substance. For a consider- 
able period of time after denervation there occurs 
no marked change in the concentration of most of 
the constituents peculiar to the muscle cell. A 
marked drop in glycogen concentration is apparent 
as early as 48 to 72 hours after denervation. The 
magnitude of the glycogen changes are such as to 
exclude phase changes as being accountable for 
any appreciable portion of such losses. 

The ‘in vitro’’ use of oxygen by denervated 
muscle has been found by a number of investiga- 
tors to be either unchanged or slightly increased 
when expressed on the basis of calculated muscle 
cell phase. The results of studies upon oxygen 
utilization ‘‘in vivo’? have been undecisive and 
conflicting, chiefly owing to the difficulties of 
making accurate measurements of blood flow. The 
studies on enzyme concentration and activity in 
denervated muscle are fragmentary. It is not clear 
whether the changes that have been reported are 
the result of atrophy or pertain to its causation. 

Functional changes. A number of characteristic 
functional changes are exhibited by muscles un- 
dergoing denervation atrophy. It has long been 
known that denervated muscle exhibits an in- 
creased sensitivity to galvanic stimuli and a re- 
duced sensitivity to faradic shocks. The often 
quoted statement that denervated muscle loses 
entirely its sensitivity to faradic current refers 
only to conditions in which the stimuli are applied 
through the skin. More effective application of 
such stimuli to the exposed muscle will elicit a 
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response as long as the tissue possesses contractile MM ty th 
properties. Denervated muscles show a marked I hety 
lengthening of chronaxie, a change which has Re. 
proven to be a reliable diagnostic index for the MM tune! 
presence of the denervation and reinnervation I stro, 
states. The twitch response of denervated muscle IM initis 
is slower and more prolonged than that of normal M jinn 
muscle, Measurements of maximal strength show I astab 
that muscles undergoing atrophy are weaker than perio 
normal control muscles. The loss of strength is I comi 
due in part to the presence of a smaller mass of M Th, 
contractile tissue, and in part to an impaired func- I sever 
tional state in the contractile mechanisms of the MM with 
muscle cell. bridg 
Intravenous injections of acetyleholine will centr, 
evoke a contracture response in denervated mus- proce 
cles shortly after the severed nerves lose their ex- I sentis 
citability. Muscles undergoing atrophy during the presel 
atonie periods following an upper motor neurone guida 
lesion and during immobilization by joint fixa-% ther 
tion (4) also exhibit an increased sensitivity to imped 
acetylcholine but the thresholds of sensitivity sipati 
are much higher than those for denervation strang 
atrophy. techni 
The loss of motor nerve is followed by the ap-I of gey 
pearance of fine fibrillary contractions in the report 
muscle. These contractions make their appearance fi of pla 
soon after the degenerating nerve loses its ¢X- I steri, 
citability and persist as long as the muscle retains notin, 
contractile properties. They appear to be asyn-I Thege 
chonous contractions of either the fiber as a whole sayio, 
or a portion of its structure and fail to cause thei nogcip 
development of any appreciable amount of tension Aday 
by the muscle. It is believed that denervated aon, 
muscle becomes sensitized to some substance in its time 
environment. Acetylcholine and potassium havell tho... 
been suggested as agents responsible for the ex oi, ; 
citation of fibrillary activity. In any case the ap- HM \¢ the 
pearance of this fibrillation is generally coincident iiterat: 





with an acceleration of the degenerative changes 
in the muscle. 

In many instances denervated muscles have 
been observed to develop a static contracture 0 
permanent shortening which is gradually lost 
upon reinnervation. It is not clear to what extent 
this condition is due to an actual shortening of the 
muscle fiber per se or to the effects of attending 
fibrosis in tendons, fascia and joints. 

Following the severance of a peripheral nervé 
there occurs a vasodilation from loss of vasocol 
strictor control which allows for an increased 
blood flow through the paralyzed muscles. Late 
there occurs a recovery of a portion of the vascult 
tone and a sensitization of the smooth muscle ' 
certain substances in the blood and lymph. Iti 
not known to what extent the individual co 
ponents of the vascular bed are affected in 1 
different stages of atrophy. Uncertainty exists! 
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tothe effects of fibrosis on the exchange of material 
between blood and cells. 

Re-innervation and regeneration. At the onset of 
functional motor reinnervation the progress of 
atrophy is arrested and muscle regeneration is 
initiated. All muscle fibers are not simultaneously 
reinnervated and some are destined never to re- 
establish neural contacts. Thus, for a variable 
period of time, atrophy and regeneration are con- 
comitant states in the same muscle. 

The phenomenon of nerve regeneration presents 
several interesting stages. The first is concerned 
with the growth of nerve tissue which serves to 
bridge the gap and reunite the peripheral and 
central stumps. This is accomplished by axone 
processes from the latter. Two conditions are es- 
sential for optimal bridging of the gap. One is the 
presence of a proper surface or interface for the 
guidance of the sheath cells and nerve fibers. The 
other is a scarcity of scar tissue which offers an 
impediment to orderly growth and results in dis- 
sipation through branching, straying, blocking or 
strangling. The detailed accounts of the surgical 
techniques which are employed to reunite the ends 


of severed nerves are beyond the scope of this . 


report. It is pertinent, however, to refer to the use 
of plasma fibrinogen sutures (5), neural grafts and 
arterial sleeves (6) as effective measures for pro- 
noting reunion of peripheral and central stumps. 
These techniques offer promise of allowing for an 
earlier and more complete reinnervation than is 
possible with stitch sutures. 

Adaptations for the reception of the budding 
axone processes have already been made by the 
time of their arrival at the peripheral stump. 
These consist in part of a degeneration and phago- 
cytic removal of the myelin and axone structures 
of the severed fiber and an organization and pro- 
liferation of the Swann cells. Under the guidance 
of the Swann tubes the flow of axoplasm is directed 
toward the peripheral structures. The pathways 
which are destined to be followed by regenerating 
motor and sensory processes appear to be largely 
determined by chance. Calculations reveal the 
tate of growth of the axone tip is not appreciably 
diferent in sensory and motor axones and that 
there is little difference between the rates of 
growth in man and those in the dog, rabbit and 
tat. Moreover the rate of outgrowth is but little 
influenced by the length of the pathway and the 
age of the animal. The rate of forward advance of 
the axone tips has been found to be of the order of 
3to5m.m./day. In most instances the appearance 
ofmyelin lags but little behind axoplasm outflow. 

he newly regenerated axone must undergo ana- 
‘mical and functional maturation before re- 
heration is complete. The newly formed 
Processes are of small diameter and conduct im- 
pulses at slow velocities: (7). 
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Upon arrival at the muscle fiber the regenerating 
axone tip makes contact with the sarcoplasm of 
an end-plate and after a short delay some degree 
of function is restored in the newly established 
neuromuscular relationships (7). Many fine ter- 
minals of axones miss the old end-plates and 
contact muscle sarcoplasm at other points which 
soon develop into new end-plates. Other terminals 
may fail to establish sarcoplastic contacts. Even- 
tually sensory fibers which have followed old 
motor axone passage-ways degenerate and dis- 
appear. A similar fate seems to befall in most in- 
stances all but one motor axone whenever reinner- 
vation of a muscle fiber by more than one axone 
occurs. The success in establishment of motor 
end-plate contacts depends upon the extent of 
atrophy existing in the muscle (8). It would appear 
as if fibrosis constitutes a barrier to the formation 
of successful contacts. This fact points to the im- 
portance of an early and effective reunion of the 
peripheral stump in order to facilitate early rein- 
nervation and possibly to measures that may be 
taken to retard muscle atrophy prior to reinnerva- 
tion. Even under the most favorable conditions 
reinnervation is incomplete and some muscle 
fibers are destined to undergo final atrophy and 
degeneration. The degree of failure is greater in 
cases where reinnervation is delayed and atrophy 
has progressed to an advanced degree. Remarkable 
instances of reinnervation and regeneration have, 
however, been reported for clinical cases after 
long-delayed nerve suture but the exact limita- 
tions of such possibilities have not been fully ex- 
plored. Numerous attempts have been made to 
divert the bifurcating processes of regenerating 
axones to muscle which have permanently lost 
their original motor innervation. Some investi- 
gators report favorable results following such 
procedures while others regard their results as 
negative. Much more work must be done before it 
is possible to evaluate the practical significance 
of this mode of reinnervation. 

Attempts have been made to calculate the over- 
all rate of regeneration in peripheral nerves in man 
(9). This has been done by dividing the estimated 
distance of the nerve lesion from the muscle by 
the time elapsing between the injury and the first 
reappearance of voluntary contractions in the 
affected muscles. The average rate of recovery has 
been found to be about 1.5 m.m. per day. In spite 
of the numerous variables that must enter into 
such estimations it would appear as if such calcu- 
lations might offer valuable prognostic aids. 

The recovery of mass and strength by regenerat- 
ing muscle follows a fairly regular course if opti- 
mum conditions for reinnervation are provided 
(10). Inasmuch as some fibers fail to become 
reinnervated even under the most favorable con- 
ditions, some degree of permanent atrophy is to 
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be anticipated after nerve injury. Following 
reinnervation the muscles rapidly recover 
strength. The rate of strength recovery closely 
parallels that of muscle mass. It is due in part to 
an increase in size of the muscle fibers and in part 
to a recovery in the tension-producing capacity 
per unit mass of the muscle fiber. This recovery 
of strength is not paralleled by return of functional 
coordination (5). A muscle reinnervated from 
axones originally belonging to another muscle 
group continues to respond in phase with the 
latter. Many animals possess little or no capacity 
for reeducation and readjustment to such ab- 
normal situations. In man it is claimed that some 
readjustments can taken place but the possibilities 
appear to be limited. 

The fibrillary activity ceases promptly after re- 
innervation. The contracture response to acetyl- 
choline disappears later and more gradually. 
There is little information concerning the chemical 
composition of regenerating muscle. There occurs 
an increase in the creatine concentration by 
amounts which are commensurate with the rela- 
tive increase in muscle cell phase. The onset of 
reinnervation is accompanied by a rapid restora- 
tion of glycogen concentration to normal or above- 
normal values. 

Conditions affecting rates of atrophy and re- 
generation. Numerous investigations have been 
undertaken to determine the effects of various 
conditions upon rates of atrophy and neuromus- 
cular regeneration. Such measures have evolved 
largely from preconceived ideas concerning the 
fundamental cause of atrophy. The results of such 
studies have not always been consistent or conclu- 
sive. In this connection it should be pointed out 
that, where rates and extent of atrophy are esti- 
mated from the differences in weights of dener- 
vated and contralateral control muscles, valid 
conclusions can only be drawn if the experimental 
procedure itself exerts no appreciable effect upon 
the control member. It is important, therefore, to 
be sure that changes in the control muscle due to 
such conditions as growth, inanition and toxemia 
either were avoided or duly evaluated before at- 
tempting to draw conclusions as to the efficacy of 
any procedures. 

Langley (11) suggested that the weight loss seen 
in denervated muscle represented an overwork or 
exhaustion atrophy caused by the continuous 
fibrillation. The repeated administration of large 
doses of quinidine and atropine causes the abola- 
tion or inhibition of fibrillary activity without 
retarding the loss of strength or weight in the de- 
nervated muscles. In addition, the administration 
of atropine fails to exert any beneficial effect upon 
neuromuscular regeneration. On the other hand 
another group of drugs, including acetylcholine, 
mecholyl, potassium and prostigmine, enhance 
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fibrillary activity without appreciably affecting 
rates of atrophy. It seems possible that a drug 
might be without effect upon the rate of muscle 


atrophy and regeneration and yet exert a beneficial 
effect upon the functional maturation of the re. 
generating tissues. 

Attempts have been made to alter the course of 
atrophy through changes in the levels of vitamin 
intakes. Acute withdrawal of vitamins E and the 
B-complex group proved to be without significant 
effect upon the rate or extent of neuromuscular 
regeneration. The regeneration of muscle following 
reinnervation was found to be somewhat slower 
in guinea pigs subsisting on intakes of vitamin ( 
recognized as suboptiminal for the organism as a 
whole. In the rat neither biotin deficiency nor 
excess intakes of biotin affected the rate of neur- 
muscular regeneration. The effects of anorexia 
and chronic inanition associated with subnormal 
intakes of some vitamins must always be evaluated 
before drawing conclusions as to the réle of vita- 
mins. The information at hand should not be in- 
terpreted as evidence that vitamins are unneces- 
sary for regeneration inasmuch as _ significant 
amounts are available from storage and bacterial 
sources, but rather that states of acute inanition 
and low vitamin intake can exist for considerable 
periods of time without appreciably effecting the 
state of regeneration. Moreover the results of ex- 
periments on neuromuscular regeneration in aii- 
mals have shown that excess intakes of vitamin 
B-complex group, ascorbic acid, biotin and alphs- 
tocopherol were without effect upon the velocity 
or extent of neuromuscular regeneration. It would 
appear that the level of vitamin intakes recog: 
nized to be adequate for the organism as a whole 
are also adequate for optimum recovery from 
peripheral nerve injury. 

Much evidence has been found to indicate that 
atrophy results from the absence of tension de- 
velopment by denervated muscle. Rates o 
atrophy comparable to those following denerve 
tion occur after tenotomy and during immobiliz- 
tion. These are conditions where neural contacts 
are preserved but a lack of tension developmen! 
exists. Furthermore electrical stimulation prt 
vides an effective means of delaying atrophy onl 
if it is done under conditions which result in effec 
tive tension development by the muscle. The rate 
of atrophy following tenotomy is not retarded by 
electrical stimulation. In this condition the mus 
cles contract but fail to develop appreciable te! 
sion during stimulation. It has been suggested th 
the energy levels and metabolites established b) 
the chemical reactions associated with tensi! 
development may be necessary for esseniiil 
anabolic processes in muscle. It is possible al 
that a certain amount of tension is required |! 
maintain the proper alignment of the moleculif 
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patterns in the submicroscopic structures of 
muscle. 

Immobilization of a denervated limb by braces 
or casts has been found to be without effect upon 
the rate of denervation atrophy (12). This may be 
due to the fact that denervation alone permits the 
maximal degree of tension loss and inactivity. 
However, when the state of immobilization is 
maintained after the onset of reinnervation there 
occurs a retarded rate of recovery of weight and 
strength by the regenerating muscles. Thus it 
would appear as if the deleterious effects of im- 
mobilization are related not to greater rates of 
atrophy after denervation and slower nerve re- 
generation but rather to a failure of the reinner- 
vated muscles to undergo regeneration in the 
absence of tension. In addition, immobilization of 
a limb leads to atrophy in the non-denervated 
muscles. 

Considerable controversy exists as to the ef- 
fcacy of electrical stimulation in the retardation 
of atrophy. It would appear as if many of the 
negative results. were due to @ failure to employ 
stimuli of sufficient strength to cause strong mus- 
cle contractions. Electrical treatment with shocks 
too weak to cause strong contractions have proven 
to be ineffective. Another variable must be con- 
sidered, namely the degree of stretch existing in 
the muscles during. the time of their treatment. 
If a denervated muscle is weighted during the 
treatment period, the effects of electrical stimu- 
lation are much more pronounced than when less 
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favorable conditions for tension development are 
allowed. Although it is possible to retard atrophy 
by electrical stimulation, it is impossible to pre- 
vent a gradual decline in the strength of de- 
nervated muscle (13). That is, the treated muscles 
are stronger than their untreated denervated con- 
trols but the increase in strength is due a greater 
quantity of contractile tissue rather than to any 
improvement in functional quality. It was found 
that when the techniques of stimulation which’ had 
proved to be very effective in retarding the 
atrophy of denervated muscles were applied to 
normal muscle they very frequently caused some 
degree of atrophy and loss of strength. This ob- 
servation suggests that it may be a fallacy to 
transfer techniques found effective for totally 
denervated muscles to the treatment of regenerat- 
ing and partially paralyzed muscles. A problem 
exists to find a non-injurious stimulus pattern 
which will be tolerated by the patient and still be 
effective in retarding atrophy and facilitating re- 
generation of muscle. It should be remembered 
that delay in atrophy can only be of aesthetic 
value: unless the muscle subsequently undergoes 
functional reinnervation. 

It is apparent that the information established 
largely from animal experimentation is, indeed, 
meager and incomplete. However, it is hoped that 
some facts and suggestions may be gleaned which 
will prove to be useful in the management of clini- 
cal cases of peripheral nerve injury. 
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GASTRO-INTESTINAL FUNCTION DURING CONVALESCENCE 


A. C. IVY anp M. I. GROSSMAN 
The Medical School, Northwestern University, Chicago, Illinois 


That the functions of the gastrointestinal tract 
are subject to derangement as the result of dis- 
orders in almost every other system of the body 
is readily apparent and well-known. Similarly, 
diseases arising primarily in the digestive tract 
frequently affect the function of portions of the 
alimentary canal other than those immediately 
involved in the pathological process. It is not, 
therefore, surprising that many of the problems 
which arise in the course of convalescence from a 
wide variety of diseases are referable to the di- 
gestive system. 

Such secondary gastrointestinal malfunction 
arises mainly from viscero-visceral and somato- 
visceral reflexes. Thus, for example, a ureteral 
calculus may cause ‘‘dyspeptic’’ symptoms or 
dyskinesia of the colon, and pain arising in almost 
any part of the body inhibits gastric tone and 
motility. In addition the digestive functions may 
be disturbed by an altered blood chemistry or 
endocrine balance; thus ‘‘constipation”’ is a com- 
mon symptom in hypothyroidism. Finally circula- 
tory disturbances or the anoxia of severe anemia 
may alter gastrointestinal activity; the gastro- 
intestinal complaints occurring in _ cardiac 
decompensation are a familiar example. These 
secondary gastrointestinal manifestations are 
among the most common symptoms of disease 
anywhere in the body. Frequently they outlast 
the disease which gave rise to them; they then 
become problems in convalescent care. 

As regards gastrointestinal functions, convales- 
cent patients may be classified into two broad 
groups. The first group consists of those patients 
who are recovering from diseases primary in sys- 
tems other than the gastrointestinal tract. A large 
number of these patients will present gastro- 
intestinal problems during convalescence, some 
will not. The second group consists of those 
patients who are recovering from gastrointestinal 
diseases. The majority of these patients will de- 
mand special attention to gastrointestinal func- 
tion during convalescence. 

" An attempt to analyze and classify the gastro- 
intestinal problems peculiar to convalescence 
meets with certain obstacles. Pepper (1) has re- 
cently emphasized ‘‘a lamentable lack of real 
factual knowledge concerning the conditions 
which exist in the convalescent individual him- 
self.’”? Furthermore, since so little is known about 
convalescence in general, an even greater paucity 
of knowledge exists about the variations of the 
convalescent picture in specific diseases. Boas (2) 
has pointed out that the limitation of the concept 


of convalescent care to patients recovering from 
acute illnesses leaves without proper considera- 
tion the large group of persons recovering from 
acute exacerbations of chronic illnesses. It is in 
this latter group that intelligent convalescent | 
care can exert an important influence in the resto- | 
ration of the individual to a useful place in the 
community and particularly in the prevention of a 
recurrence. There is little question, for example, 
that adequate convalescent care in the peptic 
ulcer patient can reduce the probability of an 
early recurrence. 

While it is evident from the foregoing intro- 
duction that a completely satisfactory analysis 
of gastrointestinal function in convalescence must 
await the accummulaiion of pertinent data, there 
are certain manifestations which occur with 
sufficient frequency in the general run of convales- 
cent patients to warrant special mention and a 
brief discussion. Among these manifestations or 
symptoms are anorexia, flatulence, and ‘“‘consti- 
pation.”’ It is immediately evident that such 
symptoms are not characteristic of convalescence 
but occur in the acutely ill patient as well as in the 
patient devoid of a history of acute illness. They 
are symptoms which may plague the convalescent 
and physician and must be managed and corrected 
before the patient can be said to have returned to 
the healthy functional state. 

ANOREXIA. Hunger and appetite constitute the 
complex of sensation which induces, urges, 0 
compels one to seek and ingest food. The two terms 
should not be used indiscriminately (3). 

Hunger in the child and adult is a complex of 
sensations consisting of general weakness, of ab- 
dominal emptiness, and of periods of epigastric 
tension or distress, which usually, but not always, 
induce a desire for food. Hunger in the recently 
born infant or decorticate animal signifies that 
state of restlessness which is due largely to in- 
pulses arising from the vigorous contractions of 
the fasting stomach and is dissipated by the inges- 
tion of food. Epigastric tension or distress dis- 
appears soon after food is ingested, the quantity 
required being proportional to the initial degree 
of gastric tension (5). Some normal persons retail 
a strong desire for food throughout a prolonged 
fast. Others develop anorexia after a three o 
four day fast and are bothered by nausea, head- 
ache and weakness, which probably are responsible 
for the anorexia. This point should be considered 
in convalescence, since, in the presence of good 
gastric tone, there is certainly no objection ' 
“‘persuading”’ the convalescent to eat. 
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The caloric requirement appears to be the most 
important factor determining'the extent of hunger 
and the tension and motility of the stomach in 
fasting. Age is also a factor. The evidence indicates 
that the decrease in gastric hunger motility with 
age is related to a decrease in caloric requirement 
and to biologic ageing of the gastric hunger mecha- 
nisms (3, 4). The gastric hunger mechanism is 
more readily inhibited and for a longer period of 
time in the aged than in the young adult dog (5). 

Many factors inhibit gastric tone and motility. 
They are too numerous to mention. Any disease 
usually abolishes gastric hunger motility and 
gastric secretion when the temperature rises to 
102° or 103°F. In the dog recovering from ‘‘dis- 
temper’? the hunger motility may not return to 
normal until one or two weeks after the body 
temperature has returned to normal (5). Gastritis 
and mild infectious states without a rise in tem- 
perature depress but do not abolish gastric hunger 
motility. Hunger motility is depressed reflexly by 
disease in various organs, by pain (6) and by 
changes in the chemical composition of the blood 
(intoxications and cardiac decompensation). 


Comment. A consideration of the gastric hunger - 


mechanism in convalescence is important not only 
because hunger usually increases the appetite, 
but also because the rate of gastric evacuation is 
dependent on the tone and motility of the stomach 
(i). A convalescent patient will tolerate a large 
meal only if the tone of the stomach is normal. 
Nausea, vomiting and air swallowing with gastric 
distension are very likely to occur if the meal is 
larger than can be tolerated by an ‘‘atonic’’ stom- 
ah. A too high concentration of sugar and fat 
(10% or more in the case of a normal sedentary 
person) would favor gastric retention by excita- 
tion of the enterogastrone mechanism which de- 
presses tone and motility. In our opinion it is in- 
ulvisable to provide food too concentrated in 
fat and sugar or too large in quantity to be well 
tolerated at one feeding by the hypotonic stomach 
ofa convalescent. Sound physiological judgment 
8 required in ascertaining the most appropriate 
lteding technique for the individual patient. The 
host effective management of anorexia in the con- 
valescent is an individual patient problem. 

The best means for increasing gastric tone and 
Motility is physical exercise. This would indicate 
that convalescent patients should use their mus- 
tes to the extent that is ‘compatible with their 
‘dition, but not to the point of excessive fatigue 
which depresses gastric tone and appetite. A 
“mfortable fatigue is the physiological degree of 
litigue, 

The mogt innocuous and best known means of 
tificially augmenting gastric tone and motility 
Sthe administration of insulin (8). Insulin (10-20 
hits 1 hr. before a meal) does not seem to have 
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been used extensively to increase food consump- 
tion in convalescence, although several papers 
attest its value (9, 10, 11). It is well to keep in mind 
that insulin does not increase gastric tone in the 
presence of thiamine deficiency (12) and that in- 
fectious disease has been reported to increase the 
need for thiamine (13, 14). More evidence is needed 
on this latter point. 

Thiamine deficiency is associated with anorexia. 
When the deficiency is complete, a marked depres- 
sion of gastric tone and motility occurs. When the 
deficiency is mild, gastric hunger contractions 
occur but the periods are shorter in duration and 
the usual tonus rhythm is diminished (15). A daily 
intake of 0.6 to 1.0 mg. of thiamine has been ob- 
served by several groups of investigators to be 
associated with diminished appetite in normal 
human subjects (16). However, Keys and his as- 
sociates (17) have reported no decrease in appetite 
in normal subjects receiving 0.7 mg. daily for a 
period of 10 weeks. The exact nature or origin of 
the anorexia in thiamine deficiency is uncertain. 
Inasmuch as appetite is a subjective phenomenon 
and is therefore difficult to control, the extent to 
which the mild anorexia observed in certain ex- 
periments may be due to environmental factors 
other than a suboptimal intake of vitamin is a 
moot question. Apparently an experiment has not 
been performed in which human subjects have been 
permitted to select at will a quantity of thiamine- 
free food over a period of weeks or months to as- 
certain if the quantity of such food consumed will 
vary with the amount of thiamine administered 
in capsules. Nevertheless when convalescents 
manifest anorexia, the possibility that the 
thiamine content of the diet may be too low for the 
patient’s need should be considered. There is no 
evidence showing that the addition of thiamine or 
other vitamins to a diet already adequate will 
cause an increase in appetite or food intake (18). 

One of us (A. C. I.) has observed an increase in 
food intake after giving patients prostigmine for 
abdominal distension. Whether the increase in 
food intake was due to the relief from the disten- 
sion (19) or to the action of the drug on gastric tone 
and motility is uncertain. No data are available 
showing that prostigmine in doses (0.25 mg. every 
4 to 6 hr.) which cause no undesirable effects 
and when not used to relieve distension, will aug- 
ment hunger and food intake. 

There is a possibility that in some convalescent 
patients a type of anorexia nervosa may develop 
which may be related to the intake of only small 
meals over a period of several weeks. This sugges- 
tion is made because dogs with an isolated total 
pouch of the stomach, if the pouch is not well dis- 
tended daily, become intolerant to distension of 
the stomach, probably because the stomach does 
not manifest normal receptive relaxation (20). 
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For example, nausea and distress is produced 
when the stomach is distended with a volume of 
100 cc. whereas normally 500 cc. or more is 
tolerated without symptoms. 

Appetite is best defined as a conditioned or 
learned state of consciousness based solely on the 
memory of pleasant experiences which are associ- 
ated with eating and drinking, and creating a 
desire for food or a special item of diet. It is not 
appropriate here to discuss the problem of whether 
“salt hunger,’”’ ‘‘vitamin hunger,”’ etc., are hun- 
gers or appetites. 

The fact that hunger may exist without creating 
a desire for food shows that the cerebral mecha- 
nism for appetite is disturbed. The fact that a 
patient may be in serious physical need for calories 
or even for salt in the presence of hypochloremia 
and yet not have desire for them shows that ap- 
petite is not a reliable guide in the management of 
convalescence. To what extent anorexia, when it 
occurs in convalescent patients, is due to a lack of 
gastric ‘“‘tone”’ or to a disturbance of the appetite 
mechanism has not been carefully investigated. 
The consensus is that the anorexia is chiefly due 
to a disturbance of the appetite mechanism. Yet, 
we do not know enough about the return of the 
stomach to normality in the convalescent to be 
certain that a ‘‘psychologic’”’ disturbance is chiefly 
concerned. 

Various forms of appropriate persuasion, sug- 
gestion and psychotherapy are usually practiced 
and are frequently successful when the ‘‘Art’’ 
is good. ‘‘Stomachics”’ or bitter tonics have been 
frequently employed for many years to increase 
appetite. Apparently only one thorough study has 
been made to ascertain whether bitter tonics 
actually increase the consumption of food. Moore- 
head (3) found they did in five hospitalized pa- 
tients with cachexia and anorexia. Since bitter 
tonics do not augment gastric motility or psychic 
gastric secretion in normal patients, they only 
influence the appetite mechanism, perhaps 
through gustatory contrast. More evidence is 
needed; but the available evidence indicates that 
bitter tonics serve as an adjunct to psychotherapy. 

FLATULENCE. Some convalescent patients are 
at times disturbed by flatulence, either gastric, 
colonic or both. Occasionally a patient complains 
of distension of the stomach in which the stomach 
does not contain an excessive amount of gas and 
in which the stomach is hypertonic or the 
diaphragm is found at a lower inspiratory level 
than normal and the abdomen protruded, as 
in vomiting. Such patients believe they are 
‘‘bloated’’ when they are not. 

It has been conclusively demonstrated (21) that 
the gas in the stomach is either swallowed air or 
air aspirated into the stomach. This air, if not 
eructated, passes to the colon. Colonic gas arises 
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from swallowed air or the fermentation of celluloge 
or of starch granules which have escaped digestion, 

Why the air is swallowed or sucked into the 
stomach is uncertain. If the esophagus is sectioned 
and the proximal end fistulized and the lower end 
closed, vomiting or salivation (a reflex associated 
with nausea or perhaps subthreshold excitation of 
the nausea mechanism) does not lead to distension 
of the stomach with air. Since the action of the 
superior constrictor muscle of the esophagus nor. 
mally interferes with the passage of air into the 
esophagus during inspiration, it is possible that 
stimuli which decrease the tone of the stomach 
inhibit the tone of the constrictor so that air is 
swallowed or sucked into the stomach. Qn ap. 
propriate distension of the gallbladder in dogs, 
the stomach has been fluoroscopically observed to 
become distended with air without the occurrence 
of true swallowing (elevation of the larynx) (23). 
Cannon and Hedbloom observed distension of the 
stomach on irritating the cecum (24). When the 
gastrectomized dog retches repeatedly, the ab- 
domen may become enormously distended. 
Whether the superior constrictor of the esophagus 
relaxes as suggested, remains to be demonstrated, 
but that a loss of tone of the stomach predisposes 
to the aspiration of air into the stomach is certain. 
Wilson and Irving (22) have shown that certain 
positions of the body cause a subatmospheric pres- 
sure in the stomach and the same may occur when 
gastric tone is suddenly decreased. 

It is well known that eructation is facilitated by 
the erect posture. Increased activity and factor 
which increase the tone of the stomach should 
assist in the prevention of epigastric flatulence in 
the convalescent. Activity may be contraindicated 
in the early convalescence of the cardiac patient, 
a patient who, perhaps due to poor portal circu- 
lation, is frequently disturbed by flatulence. The 
mechanism of the action of carminatives, whet 
they work, is not settled, though Meyer, Schemat 
and Necheles (25) found that oil of peppermint 
speeds gastric evacuation, which indicates 
increase in gastric tone. 

Though many physicians use in the post-oper 
tive and early convalescent patient small doses of 
magnesium oxide or some other laxative to prevell 
and treat colonic flatulence (which may predispos 
to gastric flatulence by reflex inhibition of th 
stomach), it is established that purging the post 
operative patient predisposes to flatulence (2): 
This is probably applicable to the convalescet! 
though no published evidence has been found. 

Alvarez (26) emphasizes the réle that “specifi 
food sensitiveness’”’ may play in the causation ° 
flatulence. He found milk to be a_prominel 
offender. Foods such as beans, cabbage, and eal 
flower, which are notorious gas formers, should b! 
avoided. Many patients, who for some unknovl 
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reason are predisposed to colonic flatulence when 
not convalescent, on questioning will report those 
foods which cause gas in their case. 

ConsTIPATION. The objectives are to maintain 
the caudalward gradient, to prevent impaction 
and stasis with the consequent reflex disturbances 
and predisposition to flatulence, and to restore 
the bowel to normal function. Medicinal irritation 
is a poor substitute for physiological stimuli. 

The general asthenia associated with acute ill- 
ness and prolonged rest undoubtedly affect the 
musculature of the colon. Limited food intake 
associated with anorexia is an important predis- 
posing factor. The use of medicinal irritation or 
enemata during the preceding acute illness or post- 
operatively may disrupt the stool habit and de- 
velop dependence on an artificial means of pro- 
ducing a bowel movement. 

The indicated management is that usually em- 
ployed for an atonic or hypotonic colon. Physical 
activity by the patient should be encouraged up 
to the point of tolerance. This should operate to 
increase the intake of foods which serve as physi- 
ological stimuli. In the selection of foods which 
provide bulk one has to avoid those which pre- 
dispose to flatulence. This is frequently difficult 
todo in practice, and in such cases it may be neces- 
sary to omit them and resort to the use of some 
medicinal irritant or an occasional enema. The- 
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oretically some hygroscopic agent which ir- 
reversibly absorbs water and is not fermented or 
decomposed by bacteria would seem to be ideal; 
and several such agents are available. However, 
these agents at times, when used by the convales- 
cent reduce the “‘space”’ for food by swelling in 
the stomach. In such instances, we believe that 
supplying food is the more important considera- 
tion and overbalances the criticism which may be 
leveled against such a laxative as cascara sagrada 
or an occasional isotonic saline enema. Otherwise 
the physiological management of atonic constipa- 
tion is so well known that further consideration is 
not indicated here. 


SUMMARY 


Although much remains to be learned about the 
physiology of the alimentary tract in convales- 
cence, it would appear that the general objective 
is to utilize those physiological procedures which 
promote gastrointestinal tone and motility and to 
resort to artificial aids as little as possible and only 
when clearly indicated. According to present 
knowledge the secretion of the digestive juices do 
not constitute a significant problem in convales- 
cence except in specific cases. Motor dysfunction is 
much more likely to be the origin of disturbances 
in convalescence than secretory dysfunction. 
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In the broad field of convalescence and rehabili- 
tation the damaged respiratory apparatus poses 
interesting and little explored questions. How- 
ever, sufficient information is available to 
delineate an approach to this problem. The de- 
generative changes associated with aging and the 
destructive processes of disease result in a lower- 
ing of the respiratory reserve oftentimes neces- 
sitating economic and social readjustment. In 
addition, therapeutic measures may also seriously 
lessen pulmonary reserve. The large magnitude of 
that reserve has sometimes made us wasteful in 
our choice of therapy and has delayed the focus 
of attention upon industrial respiratory hazards. 
Even now it probably masks environmental dan- 
gers of which we are not aware. The lack of 
methods sufficiently. sensitive to detect small re- 
ductions in respiratory ability accounts in a large 
measure for our difficulty with this problem and 
constitutes one of the major obstructions to the 
advancement and application of knowledge in the 
field of clinical respiratory physiology. 

Proper convalescence aims at preserving the 
largest pulmonary reserve possible. Rehabilita- 
tion on the other hand involves a readjustment to 
environment in order to prevent a further loss of 
pulmonary reserve, to increase existing reserve, or 
to adjust the daily breathing requirements to the 
capacity for breathing. To approach this problem 
one must not only assess the effect of age, environ- 
ment and disease (plus therapy) upon the 
respiratory apparatus but in addition determine 
the respiratory requirements of the various types 
of employment. 

Adequate ventilation of the blood requires that 
a sufficient quantity of air be supplied to and 
properly distributed’ throughout the lungs, that a 
normal rate of gas diffusion across the membranes 
be permitted, that there be unimpeded flow of 
blood through the alveolar capillaries and that 
the nerve control of the apparatus be properly 
integrated. Available space will permit only a 
brief and incomplete discussion of these factors as 
observed in the aged and diseased. 

The maximum capacity for moving air through 
the lungs depends upon the patency of the tracheo- 
bronchial airway, the resiliency of the structures 
which must change size and position during 
breathing, the power and coordination of the 
respiratory muscles, and the size of the respira- 
tory pump. The voluntary maximum breathing 
capacity (Atemgrenzwert) introduced by Her- 
mannsen (1) is a far more useful and reliable index 
of available reserve breathing power than is the 
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vital capacity which is a static measurement and 
neglects the all important factors of time and co- 
ordination. As in other systems, aging reduces 




























resiliency and muscle power thus significantly re- ma 
ducing reserve breathing capacity. Actual destruc- ssiio 
tion of lung parenchyma must be extensive silt: 
(perhaps one third or more of the total) before it omp 
noticeably impairs breathing reserve since the Binet 
smaller pump will compensate within limits by adi 
moving at a faster rate. Hence many patients who * tot 
have had surgery of the lung or chest wall are not Ay 
problems of rehabilitation. On the other hand, de- distri 
structive disease involving the muscles of respira- effect 
tion, the mobility of the bony thorax or the elas- segme 
ticity of the pleura (fibro-thorax) is likely to tion ¢ 
reduce the reserve breathing capacity. This is will: 
due in part to the fact that purely parenchymal eR 
disease is usually localized whereas disease in- nxyge 
volving the bellows mechanism is apt to be wide- iiato 
spread. Of greater importance however, is the tribut 
fact that over-action of the bellows can partially elo 
compensate for loss of parenchyma, while the this ef 
reverse is not true since lung tissue per se is the la. 
passive. evere 
The effects of extensive loss of lung resiliency, tapnia 
improper distribution of air within the lungs and siete 
possibly impedance to pulmonary blood flow are poorly 
classically exemplified by true generalized pul- improy 
monary emphysema. In an advanced stage, this tributi 
disease disrupts every factor of pulmonary fune- hese ¢ 
tion and is extremely crippling. Though ventila- contri 
tion defects do result in an alteration of the blood poorl 
; Fa “g 
gases, they seem to make a minor contributionto 





the disability characteristic of this malady. 
Actually the earliest, most characteristic and most 
crippling feature is a reduction in the maximum 
breathing capacity caused by the loss of lung 
resiliency and spasm of the bronchial tree. En- 
physema of a similar pathological nature may 
complicate diseases like tuberculosis and silicosis 
that destroy lung tissue. Fortunately in most such 
cases the emphysema involves relatively little of 
the total lung. However, where this complication 
is widespread and severe both silicosis and tuber- 
culosis may exhibit marked disability. 

The breathing apparatus is also crippled by 
anything that directly or indirectly causes 4 I 
duction of the power of the respiratory muscles. 
This type of impairment is subtle and has not I 
ceived the attention it deserves. Therapy which 
limits physical exertion may at times so reduté 
muscle power that more harm than good is #* 
complished. For example, in some cases of pul: 
monary fibrosis or emphysema respiratory muscle 
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hypertrophy is one of the mechanisms that com- 
pensates for the loss of pulmonary resiliency. 
Treating such cases by confinement to bed or cur- 
tailment of physical activity causes muscle 
atrophy and invites further serious respiratory 
crippling. At times it is necessary to accept a loss 
of muscle power in the proper treatment of disease 
—fortunately the loss is nearly always temporary 
and with exercise power is regained. It is con- 
ceivable that the present trend toward mechani- 
sation with its concomitant reduction in physical 
exertion has robbed man of one of his important 
compensating mechanisms. The use of exercises 
directed at increasing respiratory muscle power 
and improving the coordination of those muscles 
isto be encouraged. 

A priori one might expect unequal pulmonary 
distribution of the respired air to interfere with 
effective ventilation of the blood. Obviously a 
segment of lung, insufficiently ventilated in rela- 
tion to the volume of venous blood perfusing it, 
will act as a venous-arterial shunt and may 
actually cause a lowering of the peripheral arterial 
oxygen tension and a rise of the carbon dioxide 
tension. Sonne (2) has demonstrated that dis- 
tribution of inspired air in the normal lung is not 
wiform. Roelsen (3) and others have shown that 
this effect is even more marked in emphysema. In 
the latter the uneven distribution is apparently 
vere enough to produce hypoxia and hyper- 
tapnia at rest. The rare case has been demon- 
strated in which ablation of a well circulated but 
poorly ventilated lung segment has resulted in 
improved arterial blood gas tensions. Poor dis- 
tribution can be easily demonstrated in most 
tases of chronic pulmonary disease but it rarely 
contributes to disability because usually the 
poorly ventilated area ig also poorly circulated. 
In some instances the blood vessels are actually 
tbliterated by disease, in others a local vasocon- 
stricting reflex is suggested. Moreover, the low 
arterial oxygen saturation observed in these cases 
at rest is nearly always raised during exercise sug- 
gesting that the ventilation-circulation ratio can 
be improved. It remains to be demonstrated that 
bor lung mixing per se plays a very significant 
part in respiratory disability. However, it should 
borne in mind that an adequate maximum 
breathing capacity may be partly negated by the 
Wseless ventilation of a ac amieencett segment 
of lung. 

The alveolo-capillary ssidieiaan has been impli- 
tated in respiratory disability but upon very little 
‘tual evidence. Observations of the pathological 
histology of the lungs in such diseases as silicosis 
ind pulmonary tuberculosis led some to assume 
that arterial hypoxia should occur in these diseases 

t actually this is a rare occurrence. The thick- 
ting of the alveolar walls seen in both these 
teases has little effect, for in the areas that are 


fibrosed the pulmonary vascular bed is also de- 
stroyed. Hypoxia at rest. is observed only in far 
advanced fibroid tuberculosis or conglomerate 
silicosis and in these cases poor mixing of lung 
gases is the more logical cause. If thickening of 
the membrane does lead to diffusion disturbances, 
exercise should increase the hypoxia with less 
effect upon the arterial carbon dioxide tension. 
Such cases have been demonstrated, as for ex- 
ample pulmonary scleroderma and the fibrosis 
resulting from exposure to irritant fumes. We 
recently studied such a case, of unknown etiology, 
whose arterial oxygen saturation was 90% at rest 
and dropped to 78% during moderately severe 
exercise. (Oxygen consumption 1835 cc. per min- 
ute; body weight 73 kilograms.) Breathing pure 
oxygen during this rate of exercise decreased 
his minute volume of breathing from 82 liters to 
54 liters. The arterial carbon dioxide content 
dropped from 38 volumes percent to 28 volumes 
percent during exercise, showing that only oxygen 
diffusion was demonstrably interfered with. This 
man’ reacted to exercise in every respect as if he 
were a normal man but working at a high altitude. 
Such cases are apparently rather rare at present 
but should irritant gases be used on a large scale 
in this war, one might reasonably expect the inci- 
dence to increase. More precise methods of study, 
perhaps along the lines of determining the diffu- 
sion constant for oxygen and carbon dioxide might 
be of practical value in these cases. 

Before one can rehabilitate an individual whose 
respiratory apparatus has been damaged it is es- 
sential to determine the cause and type of damage 
and to estimate the respiratory reserve that re- 
mains. The cause is usually apparent but it may 
remain obscure even after intensive study. The 
structures that have been damaged and the re- 
maining respiratory reserve can be demonstrated 
by available methods provided the damage is 
severe enough. The major symptom of respiratory 
damage is dyspnea or ‘‘an awareness of respira- 
tory distress’’ at levels of exertion previously well 
tolerated. This is a subjective phenomenon, often 
but not always associated with the signs of labored 
breathing. Dyspnea is related to one or all of three 
factors, namely, the demand for breathing, the 
capacity for breathing, and the sensitivity of the 
cortex to sensations of respiratory effort. It has 
been shown that dyspnea develops when the min- 
ute volume of respiration becomes 50-75% of the 
maximum breathing capacity. The variation in the 
dyspnea ratio from person to person and even in 
the same individual from time to time is due to 
differences in the cortical or awareness threshold. 
In abnormal states the threshold may be reduced, 
as for example in the neurotic type of person who 
focuses his attention upon his breathing and be- 
comes dyspneic at very low levels of exertion in 
spite of normal breathing response and capacity. 
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The knowledge that one suffers from chronic dis- 
ease of the lungs directs attention to breathing 
and then dyspnea often develops at levels far 
below actual capacity for effort. Conversely the 
threshold is sometimes abnormally high in the 
busy, absorbed individual, who may breathe with 
difficulty and still not be sufficiently aware of it 
to complain of dyspnea. It is apparent that other 
stimuli reaching the cortex may, if strong enough, 
supersede or may intensify those of respiratory 
distress. The psychological influence upon dyspnea 
is extremely important. The factors of dyspnea 
and the degree to which each is involved can be 
determined by measuring the minute volume of 
breathing under the stress of exercise or whatever 
strain induces dyspnea and relating it to the 
measured maximum breathing capacity. The re- 
sultant dyspnea index , 


minute ventilation 
maximum breathing capacity 





is a valuable tool with which to study the respira- 
tory apparatus. 

The respiratory response to the demand for 
breathing can be measured accurately by relating 
minute ventilation to oxygen consumption. The 
ratio varies in different individuals and even from 
day to day in the same person. Nevertheless, the 
range is narrow enough so that dyspnea on the 
basis of an abnormal minute volume in response 
to work becomes very apparent. Available facts 
suggest that although over-breathing does occur, 
it is rarely the chief cause of dyspnea at sea level. 
On the other hand, physical exertion at high alti- 
tude produces over-breathing in normal indi- 
viduals which is a major factor in their dyspnea. 
This complaint, often encountered among laborers 
at high altitude is nearly always absent in the 
same men at sea level. The over-breathing ob- 
served during exercise in congestive heart failure, 
emphysema, fibro-thorax and silicosis offers a rich 
field for the study of the mechanism responsible 
for stimulating the respiratory centers. Conclu- 
sions from experiments in which only one variable 
has been changed at a time are difficult to apply to 
these diseases where nature is changing several 
variables at one and the same time. 

A reduced maximum breathing capacity is the 
most common cause of dyspnea. The maximum 
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breathing capacity can be determined with a 
reasonable degree of accuracy, the large personal 
variations observed reflecting differences in muscle 
power and coordination. Because of these varia- 
tions and since the normal value for the diseased 
individual has rarely been established before his 
illness, it is difficult to estimate the true reduction 
in breathing reserve in a given instance. A strong 
element of incentive enters into this measurement 
as it does into all voluntary maximum per- 
formances. 

Efforts at ‘job analysis’ (4) are being made 
which should be supplemented by actual measure- 
ment of respiratory requirements. A large field of 
useful and practical research is to be found in 
pursuing the study of correlating a man’s respira- 
tory capacity with the respiratory demands of a 
particular job. The knowledge to be obtained is 
essential to the proper administration of the re- 
habilitation problem. Although mechanical meth- 
ods have greatly reduced the physical effort of 
the worker, jobs remain which require a fairly 
high level of energy output either continuously or 
for short periods. The latter type is more numer- 
ous and more apt to be found in skilled trades. 
Age or disease ultimately reduces the capacity 
of these men for their jobs because they cannot do 
the severe work for the short periods; they are still 
capable however of doing other skilled work. It is 
now possible to estimate respiratory capacity with 
reasonable accuracy but very little information 
concerning the energy and breathing requirements 
of specific jobs is available. 

Two other problems merit attention whose solu- 
tion would be of unmeasureable value in placing 
men at suitable work. First, the marked personal 
variation in susceptibility to ‘industrial pul- 
monary fibrosis’? must-mean in part a varying 
capacity of the lungs to protect and cleanse then- 
selves after exposure to inhaled fumes and partict- 
late matter. The mechanisms involved would 
appear to be a field of research within the province 
of the physiologist that might richly repay inter- 
sive study. The second involves the possible as- 
sociation between the strain put upon the 
organism by respiratory inadequacy and the de- 
velopment of fatigue. Perhaps we have been to 
concerned with the obvious and dramatic mai- 
festations of respiratory inadequacy and have 
neglected other more subtle evidences. 
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POSTURAL ADJUSTMENTS IN CONVALESCENCE AND REHABILITATION 
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There is nothing in the extensive literature on 
posture indicating that stance adjustments differ 
qualitatively from the normal in those con- 
valescing from diseases not directly involving the 
locomotor or nervous systems. Postural adjust- 
ments are almost wholly autonomous. They 
depend pre-eminently on a group of well inte- 
grated cord and brain stem reflexes elicited by 
simulation of the general and special propriocep- 
tive receptors and cutaneous exteroceptors (28, 
$1, 32). Alignments thus automatically assumed 
may be unconsciously modulated in response to 
afferent impulses received from the telereceptors. 

The most distinguishing gross physical char- 
acteristic of man is his bipedal mode of locomotion 
and the ease with which he assumes and maintains 
the wide variety of vertical postures with which 
all movements commence and cease. The goal of 
ill standing positions is stability. Balanced pos- 
tures are attained by readjusting the poise of the 
head, the curvatures of the segmented vertebral 
column, and the alignment of the -multijointed 
appendages until the vertical projection of the 
center of gravity of the body as a whole falls in the 
neighborhood of the center of the supporting base. 
Though complex in toto, these adaptive adjust- 
ments ordinarily require no willed guidance. 
Indeed, so fundamental is the relation of the 
tenter of gravity of the body to the base which 
supports the whole, that it is little changed by as 
mechanically disadvantageous events as preg- 
nancy or the carrying of an Army pack (10, 20). 

Cortical control of standing supervenes when a 
deliberate selection of specific positions is imposed 
lpon the subject, as for example, when natural 
standing is consciously altered to meet the 
arbitrary ideal known as the military posture. The 
same may be said of so-called ‘‘good posture”’ or 
“good body mechanics.’”’ Although the esthetic 
ideal of correct posture is observed infrequently, 
few have suggested its modification (42). For 
tecades the data from the group studies made on 
thildren and adults alike have been skewed toward 
the low side of scores yielded by a variety of meas- 
ting devices (5, 7, 17, 26,,36, 40, 43, 51, 54). The 
larity with which “good posture” is seen as a 
Matural phenomenon in man, throws doubt on the 
uilidity of the concept. 

Relaxed and comfortable standing is nearly in- 
iefatiguable (18). It may be maintained for long 

Ntiods of time with no more discomfort than that 
neidental to boredom. If uninterrupted for more 

‘an an hour, paresthesias of the feet may super- 

tne. When standing fails in the normal healthy 


individual, it does so not for want of muscular 
strength or nervous control, but because of in- 
ability to compensate adequately for the hydro- 
static handicap to the circulation. The sense of 
weakness and discomfort which is associated with 
prolonged periods of rigid standing appears to be 
a pre-syncopal symptom rather than a manifesta- 
tion of fatigue metabolic in origin. 

The nicety with which the mechanical disad- 
vantages of the vertical stance are compensated 
for is an impressive demonstration of man’s power 
of physiological adaptation. The mechanisms in- 
volved are among the most highly integrated and 
perfectly functioning in the human machine. In 
spite of these demonstrable evidences of the ade- 
quacy of man’s protective devices, there are those 
who assume that the human being is a mechanical 
misfit doomed to eventual dissolution because of a 
loosing fight against gravity. Goldthwaite (12, 
13, 15), Hooton (22), and Estabrooks (8) are among 
the most vigorous exponents of this theme. It has 
colored the whole literature on posture. 

All descriptions of good posture prescribe the 
fullest possible extension of the weight-bearing 
limbs and vertebral column (21, 33, 49). Particular 
attention is directed at reduction of the antero- 
posterior curves of the spine (41, 53). It is not 
always remembered that considerable variation in 
the depth of these curves is compatible with nor- 
mal function (44), and that their acquisition is 
a part of normal ontogenesis. Their appearance 
formed one of the most significant milestones in 
the evolutionary development of the species. The 
antero-posterior curves give strength and supple- 
ness to the vertebral column. Rogers (41) ques- 
tions whether reduction of their natural depth can 
be maintained without constant conscious effort. 
Relaxation of attention is quickly followed by a 
resumption of previous alignment characteristics. 

Next in importance to the elongation of the body 
by full extension, is the position of the girdles. 
Since these connect the axial and appendicular 
skeleton, they have a mutually interacting effect. 
Thus the correction of postural adjustments fre- 
quently commences with an alteration in the in- 
clination of the pelvis which is associated in turn 
with concomitant changes in the alignment of 
contiguous parts. Since stable standing demands 
the maintenance of the vertical projection of the 
center of weight within the confines of the safe 
middle third of the supporting base, no individual 
part of the whole can be moved significantly from 
the anatomical position without evoking com- 
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Pensatory adjustments which affect the mutually 
interdependent alignment of all other parts. 

The postural adjustments of the young, aged, 
weak, sick, and dejected differ obviously from 
those of the healthy and vigorous young adult. 
They have one thing in common, submission to 
the pull of gravitational stresses. In these indi- 
viduals the equilibrating postural contraction of 
the antigravity muscles is insufficient to maintain 
the degree of extension characteristic of the young 
and the healthy. It has been assumed widely that 
the poor bodily mechanics incidental to such align- 
ments, expressed as augmented rotatory moments, 
increase energy metabolism so profoundly as to be 
a primary source of fatigue. At this point there is 
confusion as to whether lack of muscle strength 
is responsible for the malalignment, or whether 
the latter induces degrees of exhaustion which 
make the maintenance of strong extension im- 
possible. 

One of the most distinguishing characteristics 
of postural contraction as compared with the 
phasic contraction of skeletal muscle, is the econ- 
omy with which it may be maintained for pro- 
longed periods of time without evidence of fatigue 
(2). No one has yet succeeded in demonstrating 
that poor bodily mechanics augment energy 
metabolism significantly (27, 30). Increased 
rotatory stresses secondary to the assumption of 
mechanically poor postures are equilibrated with 
ease. To correct such stances would require the 
strong phasic contraction of the antigravity ex- 
tensors. Indeed, when ‘‘poor’’ postures are ex- 
amined from a biologic rather than a mechanistic 
viewpoint, they appear to be compensatory. They 
are the stances requiring the least energy for 
their maintenance. 

Two additional arguments have been used to 
condemn mechanically poor postural adjustments. 
Since they throw the weight of superimposed parts 
on structures not suited to maintain them, they 
may give rise to a type of microtrauma which 
may lead to pathological deviations from the 
normal which may be associated with pain. Thus 
the application of mechanical supports or devices 
aimed at a redistribution of weight, often relieve 
incapacitating discomfort. Many so-called poor 
postures are disfiguring without being the source 
of pain. 

Many years ago Goldthwaite postulated an ana- 
tomico-mechanistic basis for chronic ills related 
to the visceral functions (14). The literature on 
this subject is voluminous and uncritical. The flat 
chest, abdominal visceroptosis, and crowding of 
the pelvic organs of the individual with poor 
posture are credited with a leading réle in the 
pathogenesis of innumerable diseases. This con- 
cept is based upon more or less tenuous evidence 
(6, 25, 29, 34, 37, 47, 48), without regard for the 
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wide margins of safety under which all organ sys 
tems function, and the paucity of proof that the 
anatomical position of a viscus is a valid criterio 
of the adequacy of its physiological behavio 
(1, 3, 16). 

The rehabilitation of the postural adjustments 
of the sick and injured gives rise to several funda 
mental problems which have yet to be explored 
Those secondary to traumatic lesions of the bon 
levers and their articulations are too individua 
for generalization. The orthopedic surgeon, the 
skilled craftsmen who construct orthopedic appli 
ances, and the physical therapy technician forma 
team well equipped to handle thesé purely me 
chanical problems. How amenable‘postural adjust 
ments are to correction in patients suffering fro 
functional diseases or psychosomatic disturbances 
is unknown. Long hospitalization because of de 
bilitating intoxications, infectious, deficiency, of 
metabolic diseases have a uniform effect on thé 
postural adjustments. Inactivity is invariably 
associated with loss of strength and tone. The 
automatic compensatory adjustments by virtue o 
which the hydrostatic effect of gravity on the 
circulation is counteracted function so poorly tha 
sudden transitions from prolonged recumbency td 
the vertical posture may end in syncope. The tech 
nique of graduated change from recumbency t 
standing is well known and needs no discussion 
When there is partial or complete loss of function 
in large muscle masses, insufficient tonus maj 
exist to prevent the pooling of blood in th 
splanchnic reservoir or the extremities. The appli 
cation of an abdominal binder or of elastic band 
ages to the supporting appendages may then beo 
value. We have discussed the literature on gravit 
shock in detail elsewhere (19). 

Little has been written on the physiology of mo 
tor learning. The re-education of semi-automati 
postural adjustments in stance and locomotid 
when one or more of the appendages have bee 
amputated is a fertile field for investigation. Th 
reciprocal use of the limbs gives the adult amput 
a life-time familiarity with symmetric kinestheti 
patterns which are precipitously replaced by pos 
tural models defective in configuration. In addi 
tion these may be distorted by the persistence ® 
phantom limb sensations (52). How gaps in pr 
prioception affect the acquisition of motor skill 
dependent upon bilateral limb use is worthy ° 
study, especially in relation to problems of voc! 
tional rehabilitation. 

Lower motor neuron lesions give rise to tw 
types of problems which indirectly affect postu! 
adjustments: first, the preservation of denervate 
skeletal muscle if regeneration is likely to occl 
and second, the re-education of intact motor unt 
and muscle groups when there has been a fallin 
out of aggregates of muscular tissue. If mus¢l§ 
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power is to be either preserved or increased, intel- 
ligent attention must be given the selection of 
ptimum rates and duration of working. Every 
wthlete knows that hypertrophy of muscle and 
increase in power result only from systematic 
petition of bouts of work which exceed in sever- 
ity those which can be performed easily. This is 
known as the overload principle (4, 45). Fear of 
fatigue renders ineffective otherwise rational ther- 
peutic exercise programs. Fatigue is a reversible 
hhysiological phenomenon probably incapable of 
damage to muscle. The way in which postural exer- 
ties are administered suggests that when they 
result in stance improvement, this is due to the 
wsumption of a more advantageous mechanical 
balance, rather than to increase in strength. 

The technique of muscle re-education is a topic 
current controversy (11, 23, 39). The individua- 
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tion of desired skills from mass responses is the 
natural method of motor learning. The newer ap- 
proach consists of the meticulous building of 
increasingly complex patterns of movement from 
the carefully learned primary actions of isolated 
muscles or small groups. 

Poor posture was credited with responsibility 
for the breakdown of men under the stress of battle 
conditions during the last war (5, 9, 24, 35, 38, 46, 
55). This gave rise to considerable attention to the 
problems of body mechanics. As a result posture 
training has been practiced extensively in the 
schools of this country during the interim between 
the last and the present war. Whether or not this 
has had a telling effect upon the- bearing of our 
youth awaits full publication and study of the 
medical data of selective service boards. 
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PHYSIOLOGICAL ASPECTS OF PHYSICAL THERAPY AND REHABILITATIO 


ORA L. HUDDLESTON 
Major M.C., A.U.S, Physical Therapy Section, Fitzsimons General Hospital, Denver, Colorado 


Physical therapy always has participated in the 
rehabilitation of the sick and the disabled. At the 
present time it constitutes an integral part of prac- 
tically all rehabilitation programs. Its importance 
in the treatment of wounded soldiers and veterans 
was fully appreciated by the medical profession 
during and following the last war. Marked ad- 
vances were made in the treatment of wounds and 
injuries by the application of physical therapy 
principles. Many of these principles were employed 
in definitive therapeutics and were further utilized 
during the period of convalescence. The use of such 
principles contributed to the establishment of 
maximum physical and psychological benefits 
which, when combined with supplemental voca- 
tional or professional training, qualified the indi- 
vidual to resume his economic and social responsi- 
bilities as a citizen in civilian society. The earlier 
advances of physical therapy have been main- 
tained somewhat since that time but probably not 
to the high degree of development obtained at the 
close of the last war. New interest and an even 
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veloped during the current conflict. It seems Very give 
likely that noteworthy contributions will be forthe fory 
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Physical therapy may be defined as ‘‘the use @ 
various kinds of physical agents and physical ther 
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apeutic procedures, such as light, heat, wate age, 
electricity, massage, therapeutic exercise, Gibasis of 
manipulation in the treatment of injuries and disfiinder y 
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dies i@@Msve been disinclined to take an active interest in 
Healtiiie development of a thorough understanding of 
haniofiMie use of physical agents. Had the same interest 
1. Mani physical agents been shown as there was in drugs 
A. Hid related forms of medication, undoubtedly 
Vv tere would have developed in medical schools a 

























ranch of science comparable to that of pharma- 
ology for the study of the biological reactions of 
pmal and diseased tissues to physical agents, 
id for the determination of dosage, tolerance, 
nd dangers of physical agents. 
From what is known of the biological reactions 
the body brought about by the action of physical 
gnts, it may be said they are similar to those 
hich develop in response to drugs, namely, stimu- 
tion, depression, irritation and counterirrita- 
ion. Physical agents which increase the activity or 
nction of a tissue or an organ are said to stimu- 
e; those which decrease the activity or function, 
press; those which set up mild inflammatory re- 
tions, irritate; and those which produce homolo- 
pus reflex vascular changes in the deeper tissues 
were said to cause counterirritation. Physical 
gents, like drugs, set up physical and chemical 
reactions in tissues; the emphasis of the former is 
Yapcrhaps on physical reactions, and that of the lat- 
ron chemical reactions. Either or both types of 
herapeutic agents may give rise to local or general 
eactions. 
With regard to the administration of the various 
ypes of therapy, drugs and physical agents alike 


TONEY be applied locally or generally. In the case of 
gs, general administration is usually adminis- 

ered internally, either parenterally or orally, 

hereas in general applications of physical agents, 

‘ado ley are applied externally. One of the outstanding 
lifferences between the use of drugs and physical 

ve delivents is that of dosage. With drugs it is possible 
3 Ver give any measured quantity of medication in 
forth he form of a gas, liquid or solid, but as a'rule, such 
MAYER not the case with physical agents. The units of 
a {eMieasure of physical agents are not readily handled, 
id it is impractical, therefore, to prescribe 

‘al finite quantities of such things as heat, cold, 





ght, or high frequency current. Dosage of physi- 
Ml agents, for the most part, is established on the 
, aNEasis of the individual’s response. The conditions 
d distiinder which physical agents are administered have 
of thieen established largely by clinical usage. It is the 
onl “sponse of the tissue or organ to the physical 
ett which is the desired result. The end result 
basiiiuy be the same as that sought by the use of a 
f welling. ‘The means of determining the reaction of the 
bY "PY or parts of the body to physical agents are 
ds a tly the same as those utilized in the determi- 
nta"Mtion of the responses to drugs. The physiological 
“ “actions are as easy to evaluate, and sometimes 
usbluch more so, than those brought about by drug 
ssi"EEtapy. In many instances the results of both 
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types of therapy are identical, and when combined 
may reenforce the reaction of each other. Not only 
the same tissue responses may be established with 
physical modalities, but they may be obtained 
more quickly and may be controlled more satisfac- 
torily. In either case when used in the treatment of 
diseased tissues, it is the utilization of the physio- 
logical responses which causes the functional res- 
toration of the part to its former state of structure 
and function. Both kinds of treatment are used for 
the purpose of re-establishing healthy homeostasis 
of bodily functions. 

From what has been said, it seems obvious that 
efforts should be made by medical scientists, medi- 
cal practitioners and particularly by medical 
schools to establish either departments of bio- 
physics or separate departments of research medi- 
cine comparable to pharmacology for the purpose 
of studying the different reactions of norma! and 
abnormal tissues to physical agents. Clinical re- 
search should be conducted to appraise the more or 
less empirical methods which are currently em- 
ployed in physical therapy. Efforts should be made 
to make the rationale of physical therapy parallel 
that of the scientific therapeutics now enjoyed by 
medicinal therapy. Fortunately, a number of 
prominent investigators and clinicians have be- 
come interested individually in this phase of 
therapeutics. They have contributed greatly to the 
knowledge of this subject. Many praiseworthy con- 
tributions have been made and physical therapy 
has gained wide recognition of its merits during 
the past few years. Its progress has brought about 
not only a better understanding of the fundamen- 
tal principles which are employed in therapy, but 
also in diagnosis as well. Many diagnostic proce- 
dures based on purely physical principles have 
been developed and are utilized by various medi- 
cal specialties. Other diagnostic procedures are 
employed more or less exclusively by physicians 
specializing in physical therapy. Both its progress 
and recognition have expanded so greatly that it is 
becoming recognized more and more as a specialty 
of medicine. There appears to be an active move- 
ment underway at the present time to consider 
physical therapy as a branch of specialized medi- 
cine and to change the name to ‘‘physical medi- 
cine.’”’ In due time this achievement no doubt will 
be realized. 

THERAPEUTIC AGENTS. The common modalities 
utilized in physical therapy may be summarized as 
follows: (1) Heat (natural or artificial) supplied 
by the sun, carbon arcs, infrared generators, lu- 
minous heat lamps, hot packs, hot water bottles, 
electric pads, electric blankets, steam, hot water, 
exogenous heat of chemical reaction, diathermy, 
hot paraffin, poultices, hot compresses, mud, or 
various kinds of insulating materia] which serves 
to retain body heat. (2) Massage (superficial and 
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deep stroking, manual kneading or compression of 
soft tissues and frictional agitation of subcutane- 
ous tissues). (3) Hydrotherapy (hot or cold baths, 
contrast baths, whirlpool baths, Hubbard tub 
treatments, paraffin baths, ablutions, showers, 
douches, packs, compresses, steam baths). (4) 
Therapeutic Exercise (passive, static or muscle 
setting, assistive, active assistive, active, active 
resistive, symmetrical and asymmetrical exercises, 
training in muscle coordination, posture training, 
muscle re-education, instruction and assistance in 
the use of various kinds of equipment provided by 
a medical gymnasium). The various kinds of exer- 
cise equipment ordinarily included are: pulley 
weights for the arms and legs, exercise mats and 
plinths, shoulder wheel, abduction ladder, rowing 
machine, stationary bicycle, Kanavel table, posture 
mirrors, walkers, parallel bars, stall bars, Sayre 
head sling, foot and ankle exercise apparatus con- 
sisting of different kinds of rockers, incline planes, 
circumduction tops, and inversion treads. (5) 
Ultraviolet light (provided by sunlight or supplied 
either by the carbon arc or by hot or cold quartz 
mercury vapor lamps). (6) Electric currents sup- 
plied by galvanic, faradic orsinusoidal generators. 
These currents may be employed either for diag- 
nostic or therapeutic purposes. Galvanic currents 
used in electrophoresis are employed to introduce 
into the skin and subcutaneous tissues certain 
medicinal agents, such as histamine, mecholyl, 
epinephrine, nupercaine, copper, zinc, magnesium, 
sodium, iodide, or salicylate ions. Penetration of 
such agents is more rapid than that provided by 
topical application. This is especially true when it 
is desired to treat subcutaneous structures or 
deeply situated tissues of ulcerated areas. Dia- 
thermy (long and short wave) is used as a source of 
conversion heat. (7) Manipulative procedures com- 
bined with or associated with therapeutic exercise 
employ active or passive stretching of tendons or 
ligaments, realignment of joints, correction of 
abnormal stresses and strains exerted in various 
parts of the body by improving the body mechan- 
ics, recognition and treatment of functional 
imbalance of symmetrical muscles which have to 
do with stance or locomotion. 

PHYSIOLOGICAL REACTIONS TO VARIOUS PHYSICAL 
AGENTS. In the presentation of the physiological 
reactions of the body or parts of the body brought 
about by application of physical reagents, only the 
generally accepted principles will be mentioned. It 
is not the purpose of this report to present contro- 
versial subjects or give the evidence for and 
against the different concepts. No effort will be 
made to thoroughly and completely document the 
statements made, nor to supply concrete quantita- 
tive data to support the conclusions contained in 
the publications which have been used as source 
material. An effort will be made to present in more 
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or less outline form what is believed to be th 
generally accepted physiological principles whic 
have been established by various investigators. 

Heat. Heat is a form of radiant energy which ma 
be absorbed by or radiated from the surface of th 
body by conduction, convection or radiation. Th 
portion of the electromagnetic spectrum usual] 
considered as heat energy ranges from the begin 
ning of visible light through the far infrare 
according to the following subdivisions: visibl 
light 3,900 to 7,600 AU, near infrared from 7,600 
15,000 AU, intermediate infrared from 15,000 
30,000 AU, and far infrared from 30,000 to 150,00 
AU (1). 

The human skin behaves almost as a perfec 
“‘black body radiator”’ (2, 3). It radiates nearly al 
infrared rays (97 per cent or more) or absorbs t 
the same extent all of the heat rays which fall upo 
it (4). The most effective heat energy insofar 3 
penetration and physiological reactions are con 
cerned are those of the near infrared range. Th 
wave length of the infrared emitted by the skina 
the usual temperature (34°C.) is 94,400 Au (3 
Owing to the high water content of tissues, th 
heat capacity is very high, and likewise, becauseo 
the extensive vascularity of the tissues, heat ma 
be rapidly dissipated from a local area by means¢ 
the resultant increase in the flow of blood ant 
lymph. 

The local effects of the local application of hea 
may be summarized as follows (5, 6): With mildo 
moderate amounts of heat, there is a vasodilats 
tion of the peripheral blood vessels involving 
arterioles, capillaries and veins; these change 
probably result from direct action of heat upon th 
blood vessels and reflex vasodilatation resulting 
from true autonomic reflex responses. There is al 
increase in the rate and volume of blood flow, al 
increase in the capillary pressure which increase 
the filtration pressure and accelerates the fluid los 
from the blood stream into the tissues, thus estab 
lishing a tendency to edema formation and al 
increase in the formation and the rate of lympl 
flow. Excessive heat actually leads to the produc 
tion of edema and is usually referred to as “hes 
edema.’’ There is an increase in the permeability 0 
the walls of the capillaries which permits varyill 
amounts of plasma proteins to escape into the tis 
sues. Numerous inactive capillaries open up 4n¢ 
become markedly dilated. This vascular respo! 
results in the establishment of an erythema of t! 
skin and an elevation of skin temperature. Th 
resultant skin temperature is a temperature equi 
librium established by a number of factors: 1, it 
creased by heat absorbed from the exterior plus? 
increase of skin temperature as a result of vasodils 
tation, and 2, decreased by heat loss resulting fro! 
radiation, evaporation and convection combine 
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yith the dissipation of heat by the blood and 
lymph. 

Associated with the elevation of skin tempera- 
ture ig an increase in the metabolism of the subcu- 
taneous tissues. The local application of heat 
lowers the pH and increases the CO2 and O, ten- 
sion. When the blood is heated, the dissociation 
constants are altered in such a way that proteins 
wmbine with base of sodium and potassium bicar- 
bonate, the COe thus.freed is added to the free 
carbonic acid originally present; the acidity is 
greatly increased (about 0.02 pH units per 1°C. or 
18°F. rise), and the CO, tension is raised. The 
blood changes combined with the increased forma- 
tion of acid metabolites resulting from increased 
metabolism causes a significant increase in the 
uidity of the tissues. Temperatures between 
4°F. and 102.2°F. (7) cause the rate of O2 ex- 
thange between the blood and the tissues to be 
increased, and the blood on entering the vein con- 
tins 50 to 65 per cent of its saturate value of 
uygen. Above 102.2°F. the flow of blood through 
the capillaries becomes so rapid that the blood 
tatering the vein simulates arterial blood and con- 
tains 91 per cent of its saturated value of oxygen. 
The vascular and perivascular changes that occur 
inthe tissues as a result of severe heat (above 
18°F.) bring about tissue reactions comparable to 
nildinflammation. Temperatures exceeding 115° F, 
tugment these inflammatory reactions, and, if 
wntinued for sufficiently long periods of time, 
tause definite signs and symptoms which may be 
diagnosed as various degrees of burn. 

Prolonged and repeated applications of radiant 
heat to the skin also produce pigmentary changes 
8). The skin may become somewhat darker and 
take on a brown mottled appearance. The physical 
ind chemical reactions of skeletal muscle are al- 
tered by local application of heat. The changes in 
tuscle behavior as recognized clinically are those 
of relaxation, increase in muscle power and in- 
tease in muscle coagrdination. 

The reactions to heat when applied locally are 
lot confined to the local area. Reflex vasodilator 
thanges occur in the skin of other areas of the body 
tausing an increase in skin temperature. Varying 
‘hounts of secretory activity of the sweat glands 
May accompany the vascular changes. Some of 
these reflex responses may be brought about by 
*gmental autonomic reflexes, and others by the 
ution of the elevated temperature of the blood 
tpon the heat regulating centers of the hypothala- 
tug (preoptic and supraoptic regions) (9). Reac- 
ons of the blood vessels of the skin are associated 
Wsually with concomitant vasoconstrictor re- 
Ponses of the vessels of the splanchnic area. The 
local lowering of capillary pressure in the blood 
vessels of the intestines facilitates the absorption 
of Water. 
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Other systemic effects may be noted as a result of 
local application of heat; the rate and depth of 
respiration may be increased, the heart may be- 
come accelerated, there may be an increase in 
cardiac output, the pulse may become stronger, 
and the pulse pressure may increase. Changes simi- 
lar to those which develop with generalized 
hyperthermia become apparent if the local heating 
is continued for a long period of time. 

General heat. Hyperthermia—artificial fever 
therapy. With general heating there is an elevation 
of body temperature, an increase in metabolism of 
7 per cent with each degree F. elevation of tem- 
perature. The oxygen consumption may be in- 
creased 100 per cent or more with a rise of only 1°C. 
The heart rate may be accelerated from 100 to 150 
per minute depending upon the individual’s 
reaction to heat, the degree of elevation of body 
temperature, and to some extent the method of 
heat application. The cardiac output may be 
increased to as much as 400 per cent; the circula- 
tion time is reduced and the velocity of the blood 
stream markedly increased. The pulse volume and 
the total volume of blood flow to the extremities 
are increased. Other cardiac changes take place, 
such as shortening of the conduction time and 
alteration of the filling and emptying times of the 
ventricles (10). 

Changes in the blood include a reduction of 
blood volume owing to the loss of fluid by exces- 
sive perspiration; the blood constituents become 
concentrated as a result of anhydremia; the blood 
becomes more alkaline because of the formation 
of an uncompensated alkalosis resulting from the 
partial acapnia established by pulmonary hyper- 
ventilation. The pH may be increased to as much 
as 7.9. Leukocytosis ranging from 10,000 to 60,000 
per cubic mm. of blood usually develops, and there 
is evidence of increased hematopoiesis as shown 
by an increase in the number of young cells pres- 
ent in the circulating blood. Usually there occurs 
a relative increase in the neutrophils and a de- 
crease in the lymphocytes following fever ther- 
apy. The average increase of the neutrophils ac- 
cording to Krusen (11) is 25 per cent and the 
lymphocytes decrease 23 per cent. There is a 
serious loss of blood chlorides which requires con- 
tinued replacement in order to prevent the devel- 
opment of heat cramps. As a rule there are no 
significant changes of the nitrogenous constitu- 
ents of the blood. The COs tension of the blood 
may be reduced to 20 mm. or less. There is an 
increase in blood sugar, pulmonary ventilation 
may be increased from 5 to 6 liters per minute to 35 
liters or more, and the RQ is elevated above one. 
A rise of body temperature decreases gastric mo- 
tility, hunger contractions, gastric acidity and 
gastric secretion. There is also a decrease in the 
secretion of bile and pancreatic juice. The urine 
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and lymph become more alkaline; there is an in- 
crease in the amount of sodium bicarbonate in the 
urine. Immunity reactions, both local and general, 
are said to be accelerated. Prolonged continuation 
of an elevation of body temperature by general 
heating ultimately gives rise to symptoms of cir- 
culatory collapse. 

Cold. Cold may be applied to the body either 
locally or generally in the form of water, ice, cold 
air chambers or cold packs. Varying degrees of 
local refrigeration may be accomplished by the 
application of carbon dioxide snow, liquid air, or 
other rapidly evaporating substances, such as 
ethyl chloride. To summarize the effect of local 
application of cold, there is a decrease in tissue 
temperature, a decrease in the rate of circulation, 
the volume flow of blood is diminished (cold re- 
duces the circulation to such an extent that the 
tissue temperature may be very little above that 
of the surrounding temperature). During the local 
applications of cold, the low tissue temperature 
remains more or less localized without producing 
any significant general effects; however, reflex 
changes do occur in other parts of the body. Cool- 
ing of an extremity may cause similar vascular 
changes in the contralateral extremity and in the 
opposite extremities as well. The skin, subcutane- 
ous tissue and mucous membranes may exhibit 
reflex vasomotor changes in widely separated areas 
of the body; pelvic and abdominal viscera, such as 
the bladder and intestines, may contract. The vas- 
cular responses are believed to be brought about 
by direct action of cold upon the blood vessels, by 
reflex vasoconstriction, and by chemical vasodila- 
tor substances, histamine-like or H-substances. 

Exposure to temperatures below 64°F. produces 
secondary hyperemia. In such conditions there is 


an erythema of the skin brought about by an in-- 


crease in the number of open capillaries, dilatation 
of arterioles and capillaries, and opening of 
arteriovenous anastomoses. There is an increase in 
the rate of blood flow through the vessels of the 
skin. Under such conditions the volume flow 
through the extremity as a whole may be reduced 
owing to the vasoconstriction of the vessels of the 
deeper tissues. The vascular reactions of the skin 
are said to be caused in part by axone reflexes and 
in part by chemical! vasodilator substances. 
Direct measurement of the penetration of cold 
into human gastrocnemius soleus muscles two 
inches beneath the surface by means of thermo- 
couples showed the tissue temperatures to fall 
from 95° to 75° or 85°, usually to approximately 
80° (12). The lowering of the temperature of the 
muscle was accomplished by placing an ice bag on 
the skin for 30 to 50 minutes. Reactive or secondary 
hyperemia may be absent under certain condi- 
tions: 1, generalized chilling of the body or rapid 
lowering of the body temperature so that contrac- 
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tion of the small arteries may become the dominant 
action; 2, when the localized chilling is quite rapid 
or when the cold penetrates the tissues deeply 
enough to cause constriction of the small arteries; 
and 3, when the sensory fibers in the arterioles have 
degenerated. Reactive responses to cold increase 
muscle tonus, causes shivering, increases the tight- 
ness of elastic tissues, causes leukocytosis, hyper- 
glycemia and an increase in oxygen consumption of 
the tissues in regions of the body not depressed by 
the direct action of cold. Phagocytosis is depressed 
and immunity reactions are retarded. In the ab- 
sence of adequate compensatory reactions, chilling 
the body lowers the leukocyte response, impairs 
phagocytosis, produces stasis and tissue anoxia. 

General cold. Genera] application of cold may be 
done by using either a cold room, special refrigera- 
tion machines, or ice packs. There results a fall in 
body temperature to 90°F. or lower; such low body 
temperatures may be maintained for days (13). 
Metabolism is markedly depressed, the pulse rate 
is slowed, cardiac output is diminished, blood pres- 
sure becomes reduced to such a low level that the 
pulse may not. always be detected, the peripheral 
veins collapse, and the apex beat diminishes to 
such an extent that it cannot be felt. There is 
marked depression of the central nervous system, 
and other systems of the body become markedly 
hypofunctional. 

Massage. The following physiological changes 
have been observed as a result of massage (14):1, 
light stroking produces a transient dilatation of 
capillaries while heavier stroking brings about : 
more prolonged vasodilatation; 2, vigorous mas 
sage causes no significant change in the hydrogen 
ion concentration of the tissue, and little, if any, 
alteration of oxygen consumption; 3, the red blood 
count becomes increased, the response being more 
marked in the presence of anemia; 4, there is a0 
increased oxygen capacity of the blood; 5, massage 
increases the removal of waste products from both 
normal and abnormal tissue. Exudates and extrav 
asated blood resulting from injuries or fractures 
are absorbed at an accelerated rate; 6, it produces 
vasodilatation, muscle relaxation and sedation 
7, it also establishes a tendency toward drowsiness 
This latter effect is especially true when the mas 
sage is light and rhythmical. It is obvious that the 
predominant effects of massage are on the nervous 
and peripheral vascular systems. The effects 4 
those brought about by mechanical stimulation 0 
the cutaneous and subcutaneous structures; the) 
are both reflex and mechanical. Rhythmic applic 
tion of mechanical energy to vascular structure 
provides an extravascular pumping action up0 
the vessels comparable to that caused by activé 
contraction of skeletal muscles. 

Hydrotherapy. The physiological effects of loca 
application of hydrotherapeutic agents are print! 
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pally those brought about by the application of 
heat, cold or mechanical stimulation. Some heat 
nodalities, such as the whirlpool bath, combine 
the local effects of heat with those of the local 
tects of gentle mechanical stimulation. The two 
physical agents acting simultaneously reenforce 
me another in bringing about muscular relaxation; 
their soothing sedative effects usually cause a re- 
duction of pain and discomfort. Contrast baths 
falternate applications of heat and cold) cause a 
sequence of alternate stimulative and depressive 
changes in the cutaneous and subcutaneous tis- 
wes. Sprays and douches of various kinds provide 
amethod of applying strong mechanical stimula- 
tion to the skin. Generalized contrast baths in the 
form of a Scotch douche may be employed to elicit 
bodily reactions produced by a combination of 
heat, cold, and vigorous mechanical stimulation. 
Varying degrees of generalized bodily changes con- 
isting of tonic or sedative reactions may be ob- 
ined by the proper application of hot or cold 
water at specified hydraulic pressures. 

The initial temporary reactions which result 
fom the application of cold establish such phe- 
lomena as vasoconstriction of the peripheral 
vessels, pallor of the skin, shivering, increase in the 
tspiratory and cardiovascular activities. These 
jimary reactions are usually referred to as the 
“action,’? whereas the terminal secondary changes 
wereferred to as the ‘‘reaction.’’ The ‘‘reaction,”’ 
therefore, results from the compensatory changes 
ifthe body in response to the primary cardiovascu- 
lar and other reflex changes brought about by the 
w-called ‘‘action.’’ The general effects upon the 
tepiratory and circulatory system are similar to 
those brought about by the application of moder- 
ttecold (65°F .). 

Therapeutic exercise. The exact mechanism of 
thortening of the contractile elements of skel- 
ttal muscle is still unknown. Extensive know}l- 
“ge regarding many of the physical and chemical 
tactions responsible for the energy changes dur- 
ing muscular contraction and relaxation has been 

certained; to date, there has been very little 
Practical application of this knowledge. Initiation 
muscular contraction apparently begins either 

ith the formation of a junctional potential or of a 
hemical transmitter, probably acetylcholine, at 

l@ myoneural junction; possibly a combined 
ction of the two initiates muscular contraction. 

inical observations havé shown that repeated 

“ntractions of loaded muscles (muscular contrac- 
N0n against resistance) increase the size, power 

Md efficiency of contraction. Regular exercise 
Mates a feeling of exhilaration and improves 

lscular coordination. Over-exertion leads to 

‘ igue. As yet there appears not to be any objec- 
ve physical or physiological sign which may be 

ito determine the optimum amount of exercise 
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which will provide maximal] physical benefit with- 
out causing fatigue. A suitable physical sign or test 
of some kind would be extremely useful in the 
treatment of paretic or paralyzed muscles. 

The development of energy during severe mus- 
cular work has been determined to be from 10 to 14 
calories per minute as compared to the basal level 
of one calorie per minute (15). Severe muscular 
exertion causes a liberation of energy amounting 
to one calorie per second. The stimulating effects 
of exercise on the respiratory, cardiovascular and 
cutaneous functions are well known. The investi- 
gations of Lindhard (16), Hill (17) and others have 
demonstrated a profound increase in the func- 
tional activity of thesesystems. For example, tests 
on human subjects showed that the oxygen con- 
sumption increased from 250 ec. per minute to 
3,500 or 4,000 cc. per minute, and that the basal 
pulmonary ventilation increased from 4 to 6liters 
per minute to 100 or more. The stroke volume, car- 
diac output per minute, and oxygen consumption 
of the heart were markedly increased even though 
little increase in the size of the heart occurred 
during strenuous exertion. Other tests showed that 
the maximum oxygen debt which the body is able 
to undergo is equivalent to somewhat more than 75 
calories. Mechanical efficiency usually varies be- 
tween 21 and 28 per cent. Training causes an 
increase in vital capacity of the lungs, and the 
range of pulmonary ventilation is increased. 

Widespread usage of the ‘‘rest cure’’ for the 
treatment of tuberculosis, certain neuropsychia- 
tric conditions, and for numerous orthopedic and 
neuromuscular abnormalities has been influential 
in obscuring the value of physiologic exercise. The 
indiscriminant use of prolonged bedrest sometimes 
combined with rigid immobilization of different 
parts of the body, has led to numerous disorders 
which may be attributed directly to excessive 
inactivity of the tissues. A few of these abnormali- 
ties may be mentioned: Trophic disturbances of 
the skin, unstable vasomotor reactions of the ex- 
tremities, weakened or abnormal cardiovascular 
regulation, disturbed functions of the gastro- 
intestinal tract, muscle weakness, muscle wasting 
and incoordination, abnormalities of posture, 
limitation of motion of joints, diminution in the 
elasticity and extensibility of connective tissue, 
osteoporosis of the bones, and disturbances of the 
functional control of the sweat glands. Many of 
these undesirable reactions could be avoided in 
patients by the judicious usage of the proper kind 
and the proper amount of therapeutic exercise. 

The importance of a specific program of physio- 
logic activity is becoming realized more and more 
by those responsible for the management of surgi- 
cal cases. The institution of specific programs of 


active exercise soon after operation has been found 


extremely useful in preventing postoperative com- 
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plications and in hastening postoperative recov- 
ery. Orthopedic, neurosurgical, an many other 
special or general surgery cases are required to 
resume an active exercise program within a day or 
two following operation. Therapeutic exercises 
and reconditioning activities have proven to be 
extremely useful therapeutic adjuncts in the post- 
operative care of many surgical patients. 

Ultraviolet light. The portion of the electromag- 
netic spectrum designated as ultraviolet light ex- 
rends from 3,900 to 1,800 AU. Itissubdivided into 
two parts, namely, near ultraviolet radiation from 
3,900 to 2,900 AU and far ultraviolet radiation from 
2,900 to 1,800 AU (18). The actinic rays of sunlight 
are limited to the near ultraviolet light. The im- 
portant physiological and biological reactions may 
be outlined as follows (19): 1, antirachitic proper- 
ties (wave lengths from 2,800 to 3,200 AU) are 
brought about by the activation of sterols and the 
formation of vitamin D; 2, erythema (wave lengths 
from 2,800 to 3,200 AU and 2,400 to 2,700 AU) re- 
sults from photochemical actions within the skin 
which cause the formation of vasodilating sub- 
stances, probably histamine-like or H- substances; 
these may cause intense redness and localized 
urticarial reactions. The inflammation of the skin 
appears as a dermatitis, and various degrees of 
burn may be recognized with symptoms ranging 
from a slight erythema to extensive vesication, 
desquamation, edema and pain; 3, pigmentation 
(wave lengths ranging from 3,800 to 3,000 AU) de- 
velops after a single intense irradiation or follow- 
ing repeated small exposures; 4, bacteriocidal 
effects—almost all bacteria are killed or attenu- 
ated when exposed to ultraviolet energy between 
the wave lengths of 2,000 and 3,000 AU. The wave 
lengths of maximum bacteriocidal efficiency lie 
between 2,400 and 2,700 AU. Inactivation of many 
viruses (tobacco mosaic, rabies, influenza, polio- 
myelitis), toxins (staphylococcus, diphtheria, 
tetanus), and bacteriophages takes place by expo- 
sure to ultraviolet wave lengths which are actively 
bacteriocidal. 

Effects on blood cells. There is an increase in the 
number of erythrocytes, leukocytes, and thrombo- 
cytes, an increase in the hemoglobin content, a 
temporary rise in the reticulocyte count, a relative 
lymphocytosis and eosinophilia, and a decrease in 
coagulation time. 

Effects on circulation. Blood pressure may be 
lowered, elevated or unchanged. Pathological hy- 
pertension is usually reduced. Cardiac output may 
be increased. Intense irradiation may cause car- 
diac acceleration, and the pulse usually becomes 
fuller and stronger. 

Metabolic changes. Moderate irradiation in- 
creases endogenous nitrogen metabolism, dimin- 
ishes residual nitrogen, increases the excretion of 
uric acid, increases the fat content of the blood, the 


FEDERATION PROCEEDINGS 


blood cholesterol, blood calcium and phosphorus, 
decreases the blood sugar and temporarily in- 
creases the basal metabolic rate. Repeated irradia. 
tion may cause a 10 to 15 per cent reduction of the 
B.M.R. The RQ may be increased to unity. 

General tonic effects of ultraviolet light (20) in- 
clude the development of a feeling of exhilaration, 
improvement in appetite, improved function of the 
gastro-intestinal tract, increases mental alertness, 
and, as a rule, it has an analgesic effect on painful 
areas. Overdosage of ultraviolet light may reverse 
these beneficial tonic effects. 

Acceleration of tissue repair. Wounds, indulent 
ulcers, healthy and infected granulation tissue, 
when stimulated or mildly irritated by ultraviolet 
light, usually heal more rapidly. 

Sensitization. The photodynamic action of ultra- 
violet light reacting with certain drugs, dyes, and 
pigments brings about a hypersensitization of the 
skin to actinic rays. This reaction must be borne 
in mind when treating patients receiving sulfanila- 
mide or related chemotherapy. Occasionally such 
patients develop severe photodynamic reactions. 

Electric currents. The electromedical currents 
employed in physical therapy may be divided into 
four different groups. 1, Direct current (gal- 
vanic). 2, Low frequency currents (faradic, sinu- 
soidal). 3, Static currents. 4, High frequency cur- 
rents. In general, the physiological reactions 
brought about by these different kinds of currents 
fall into three main groups. (a) Electrochemical— 
which includes such phenomena as electrolysis, 
polarization, and electrotonus; (b) Electrokinetic 
phenomena—stimulation causing an increased 
functional activity of tissues, direct kinetic eéf- 
fects of the electrical currents, and indirect kinetic 
changes caused by muscular contractions; (¢) 
Thermal reactions. Some of the physiological 
responses to these various currents may be sul- 
marized as follows: Direct current (galvanic) gives 
rise to the following electrochemical effects: 
1, active hyperemia; 2, stimulation of sensory 
receptors producing a tingling sensation and a feel 
ing of warmth; 3, increases acidity in the region 0! 
the positive pole, and alkalinity in the region 0 
the negative pole; 4, changes in irritability 2880 
ciated with anelectrotonus at the positive pole and 
catelectrotonus at the negative pole; 5, sligh 
thermal effects causing a small elevation of tissut 
temperature; 6, reduction of pain associated wit! 
mild irritation and counterirritation; 7, electro 
kinetic effects in the form of stimulation of nerve 
and muscles when changes in the intensity of the 
current occur. 

Low frequency currents. Electrokinetic effects ar 
caused by tissue stimulation and by indirect effects 
resulting from muscular contractions. 1, stimuls 
tion of sensory nerve endings causes tingling 8” 
moderate burning sensation; 2, moderate va 
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motor changes (usually vasodilation); 3, indirect 
thermal changes caused by muscular contraction. 

Static modalities. The predominant reactions are 
the electrokinetic effects, such as, 1, stimulation; 
, “intercellular massage” (resulting from me- 
thanical energy supplied by the impact of the 
dectrical currents); 3, increase flow of lymph; 4, 
increase in the drainage of inflammatory exudates; 
j, sedative effect on pain receptors; 6, indirect 
kinetic effects resulting from muscular contrac- 
tions. 

High frequency currents. Diathermy is believed 
tocause only thermal effects. All physiological re- 
xtions, such as vasodilatation, muscle relaxation, 
jnreased perspiration, and sensation of warmth, 
rsult from the conversion of the high frequency 
currents into thermal energy. 

Manipulation. By manipulation is meant the 
pplication of mechanical force to one or more 
parts of the body for the purpose of producing in- 
ternal changes either in the microscopic structure 
of tissues or in the alteration of their respective 
sition to one another. The force of manipulation 
may be supplied by the person himself or it may be 
plied from some external source. The physiologi- 
tal responses. are those brought about by altera- 
tions in tissue tension associated with the readjust- 
ments of stresses and strains. Other changes may 
rsult from the elongation of tissues, such as 
inrease in the extensibility or an alteration in the 
dasticity. Concomitant vasomotor reactions may 
develop with changes in the status of the fibrous 
wnnective tissue. There may be a reduction of 
pin because of the release of abnormal tension 
exerted upon the pain receptors; this is frequently 
sociated with a reduction of reflex muscular 
igidity which may likewise cause a diminution of 
pain. The procedures which are einployed are 
those of active and passive stretching of abnormal 
nuscles, tendons, ligaments and fibrous connective 
tissues. Correction of faulty alignment by means 
improving the body mechanics relieves postural 
tresses. Reduction of dislocations or subluxations 
{joints either of the axial or appendicular skele- 
fon may be employed when indicated. 

Rest. The physiological reactions of rest are 
those of decreased functional activity of the in- 
Wlved tissues. Some of the common manifesta- 
ions are muscle relaxation, decreased vascular 
ipply, tissue temperature, secretory activity, 
Neptor activity (causing adaptation and a reduc- 
tion of pain if pain is present), and tissue metabo- 
ism, It is employed therapeutically, 1, to facilitate 
issue repair; 2, to provide protection against 
Mternal and external mechanical forces; 3, to 
diminish tendency to edema formation; and 4, to 
din the reduction of joint effusion. 

Some OF THE THERAPEUTIC PRINCIPLES USED IN 
*"YSICAL THERAPY. The following is a brief sum- 
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mary of some of the therapeutic principles based 
upon physiological reactions of tissues to physical 
agents: , 

A. Reactions of heat, either moist or dry: 1, the 
vasomotor responses increase the circulation and 
nutrition of the tissues; 2, tissue metabolism is 
increased; 3, there is usually muscle relaxation; 
4, reduction in muscle spasm; 5, there may be a 
diminution of swelling, although not infrequently, 
heat augments swelling especially if the part is 
dependent and there is some injury to the tissue. 
The undesirable effects of edema and swelling may 
be offset by employing elevation of the part, mas- 
sage and active exercises. 

B. The most beneficial reactions of massage are 
those of: 1, muscle relaxation; 2, vasomotor reac- 
tions which increase the nutrition and blood sup- 
ply to the tissues; 3, increase in the venous and 
lymphatic drainage which combats vascular 
congestion and edema; 4, mechanical enery ap- 
plied to combat fibrosis and the development of 
adhesions. 

C. Therapeutic exercises are employed: 1, to 
reduce tissue swelling; 2, hasten tissue repair; 3, 
improve the tonus of skeletal muscle; 4, counteract 
the development of muscle weakness and muscle 
atrophy. 

D. Ultraviolet light may be used for: 1, its anti- 
rachitic, metabolic, photochemical, and bacterio- 
cidal properties; 2, it is beneficial in treatment of 
wounds and skin diseases; 3, it may be used as a 
tonic or as a general metabolic stimulant to in- 
crease bodily resistance to infections. 

E. Preventive therapy utilizes active exercises 
to maintain maximal functional activity of the 
non-injured or non-diseased parts of the body. 

F. Manipulative procedures are employed: 1, to 
overcome contractures; 2, to overcome limitations 
of joint motion resulting from adhesions or from 
functional or structural changes in the soft tissues 
surrounding joints; 3, to improve faulty alignment 
by means of the application of cervical traction or 
by manually correcting faulty malpositions of 
joints of the extremities, sacro-iliac or vertebral 
joints. 

G. Rest: Limitation of motion of movable parts 
may be provided by means of compression band- 
ages, splints, braces, elevation boards, or casts. 
This phase of treatment is usually provided by the 
orthopedic service. 

Diathermy is employed as a form of heat. The 
thermal changes develop because of the formation 
of conversion heat in the deeper tissues of the 
body. This provides an excellent source of heat for 
the deeper tissues, such as muscles, tendons, 
bones; sub-acute and chronic inflammatory dis- 
eases of the deeper tissues, such as arthritis, 
cellulitis, chronic pelvic inflammatory diseases are 
successfully treated with this type of heat. Certain 
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acute infections, such as lymphangitis, lympha- 
denitis, furuncles and carbuncles usually respond 
. quite satisfactorily to diathermy. Repair of bony 
tissue may be assisted in conditions where the 
regenerative powers of the bone are abnormal 
(delayed union, non-union). 

Diagnostic procedures. The diagnostic -proce- 
dures commonly employed are those of electro- 
diagnosis and of voluntary muscle testing. They 
are employed in the study of the central nervous 
system or peripheral neuromuscular system. Test- 
ing cutaneous sensibility is carried out in order to 
correlate the sensory disturbances of the skin with 
the alterations of motor function. The information 
supplied by such tests is useful particularly in the 
treatment of peripheral nerve injuries. Posture 
examinations are made, 1, to detect abnormalities 
of body mechanics; 2, to determine the presence or 
absence of abnormal tensions of soft tissues; 3, to 
locate the abnormal stresses which are exerted 
upon the ligaments, tendons, and joints; 4, to 
evaluate the relative power of the skeletal muscles 
of the body; 5, to ascertain the limitations of mo- 
tion of the different joints of the body; 6, location 
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and detection of muscle tenderness, soreness 
rigidity, presence and distribution of referreg 
pains also are included in the realm of diagnostj 
procedure in the field of physical medicine. 

Current conception of the réle of physical therap 
in rehabilitation. It is believed that physical the 
apy can participate most effectively in rehabilits 
by utilizing the following procedures: 1, institu 
physical therapy treatment as soon as possible 
2, treat the individual as a whole which mean 
treating the psychological aspects of the patient’ 
disabilities as well as the physiological and patho 
logical processes; 3, in prescribing physical ther 
apy treatments, make use of principles which a 
based on physiological reactions of the body, ant 
outline a treatment program which is best suited 
to correct the individual and collective abnormal 
ities of the person; 4, co-ordinate and integrate th 
physical therapy treatment program with othe 
types of treatment. When the above mentioned 
procedures are followed, physical therapy will con 
tribute maximum service to the rehabilitation o 
the individual. 
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PHYSIOLOGICAL ASPECTS OF CONVALESCENCE AND REHABILITATION 
FOLLOWING CENTRAL NERVOUS SYSTEM INJURIES 


KURT GOLDSTEIN 
Tufts College Medical School, Boston, Massachusetts 


There is scarcely any type of organ injury in 
which rehabilitation of the disabled individual 
must be undertaken in so specific a way and with 
such close adjustment to the individual case as in 
brain injury. From the outset, the questions to be 
kept in the foreground are whether, and in what 
degree, the disturbances of performance can be 
reversed; what can be done to promote spontane- 
ous restoration; and, if a full restitution is not to 
be expected, how we should proceed with retrain- 
ing of the patient. Thus the problem as to the 
capacity of the brain for anatomic or functional 
restitution occupies the center of interest. 

We are not at all well prepared to solve this 
problem. This may appear astonishing in view of 
the enormous body of facts that has been collected 
by physiologists and clinicians. The main reason 
for this lies, I think, in the concentration of inter- 
eston the problem of localization and the attempt 
to establish correlations between definite symp- 
toms and definitely circumscribed areas in the 
cortex. The functional relationship between the 
two has been left to more or less speculative theory 
that did not include the function of the brain in its 
entirety. 

Consideration of this factor immediately focuses 
attention on the dynamic nature of all perform- 
ances and of symptoms insofar as they constitute 
an expression of the attempt of the organism to 
come to terms with an outerworld situation. Con- 
sequently it will be understood that before con- 
sidering rehabilitation we must discuss the general 
problem of the origin of symptoms and of restitu- 
tion in brain damage. The point of view assumed 
here has originated from observation of the beha- 
vior of a large number of patients with brain 
lsions and injuries of varied extensions and 
localization. 

In my presentation I shall refer a great deal to 
ny own experiences. I feel a little uneasy about it, 
but the limitation of space at my disposal does not 
permit me to refer to all of the literature; on the 
other hand, such a restriction is justified in view of 
the fact that this symposium is intended to present 
informal discussion of the problem rather than 
‘historical review of the data of the field. 

A. The origin and classification of symptoms in 
brain damage. The symptoms we observe in damage 
ofthe central nervous system are not at all simply 
tanifestations of changes in definite functions 
ind structures. Analysis of the symptoms (11) 


causes us to distinguish between the following 
groups: 

I. Symptoms which represent direct sequelae of 
impairment of the substratum and consist of de- 
fects of performance. These are the negative symp- 
toms of Hughlings Jackson. 

It was long believed that any performance might 
be lost or impaired, and this depended simply on 
where in the cortex a lesion was-situated. In gen- 
eral this is true. A lesion of the posterior central 
convolution, produces sensory loss; a lesion of the 
anterior central convolution, disturbance of move- 
ments; a lesion of a particular part of the left third 
frontal convolution, language difficulties, etc. But 
this interconnection falls short if we consider the 
disturbances more carefully. In cases of lesion of a 
‘‘sensory”’ or ‘“‘motor”’ area, the relevant perform- 
ances do not drop out uniformly. The lesion pro- 
duces effects according to a characteristic selective 
process. The sequelae of a cerebral lesion rarely 
take the form of a complete loss of performance; 
more commonly the performance affected under- 
goes modification. This modification is a result of 
a systematic disintegration of the concerned 
function (Hughlings Jackson). Structurally, this 
disintegration invariably exhibits the same fea- 
tures, whatever region is involved, be it the spinal 
cord, the subcortical apparatus and regardless of 
whether reflexes, motility, speech, thinking, or 
feeling is concerned (cf. 6, p. 28). The typical form 
of this disintegration has been traced to a mass of 
diverse symptoms. Only through appreciation of 
this form can we understand the symptoms. It is 
necessary, therefore, to ‘discuss it here, though 
only in the broader outlines, which may be formu- 
lated as follows: 

1. All direct damage causes a rise of the thresh- 
old and retardation of excitation. The receptivity 
of the patient is reduced. It takes him much longer 
to react. This usual change manifests itself in the 
fact that patients may succeed perfectly in a task 
when given sufficiently long exposures, but fail in 
the same task with brief exposures, i.e., when 
examined by the tachistoscope. Thus the tachisto- 
scope becomes an important instrument for reveal- 
ing impairment (cf. 7, p. 99). 

Prolongation of time of stimulation does not 
always bring about improvement of performance. 
The patient may perceive if the stimulus is strong 
enough but after a certain time he may cease to see 
the object in spite of continued stimulation. Later 
the object may appear again. It seems that the 
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threshold changes during stimulation. This abnor- 
nal alteration of the threshold through stimulation 
concerns—depending on the part of the cortex 
damaged—different performance fields. For in- 
stance, in lesions of the occipital lobe the whole 
visual field or the homonymous half fields may be 
affected, in diffuse damage of the brain all per- 
formances more or less. Ineffectiveness of stimula- 
tion appears earlier in a part of the performance 
field which normally has a higher threshold. Here 
even the first stimulation, if it is not very strong, 
may not be reacted to while the parts with nor- 
mally lower threshold reactions may be fairly 
normal. A consequence of that is constriction of 
the visual field especially of its temporal periphery 
where normally the threshold is higher than in the 
center. Such constriction is observed in dif- 
fuse damage of the occipital lobes or in lesion 
of the frontal lobes; in the latter case it is due to 
impairment of “‘higher’’ mental function. Stimu- 
lation of one part of a performance field may in- 
fluence the performance in other parts of the 
same field. One effect of this is the so-called Ring- 
scotomata (cf. 7, p. 54). Another one is the follow- 
ing phenomenon observed in hemiamblyopia. An 
object presented in the hemiamblyopic half field 
may be observed even though somewhat blurred, 
but if concomitantly another object is presented 
in the healthy half field that object presented in 
the impaired half field may disappear and come 
back if stimulation of the healthy field is discon- 
tinued (cf. recent confirmation of such previous 
observations in the publication of Bender and 
Furlow). Excitation of a damaged field requires an 
abnormal amount of energy (cf. 6, p. 59). Stimula- 
tion of the periphery may not bring about any 
useful perception and therefore dislocation of 
excitation to a better functioning part occurs (dis- 
location phenomenon). Under this condition some- 
times double vision is observed, if the patient 
experiences a clear dislocated picture but at the 
same time retains a—mostly unclear—perception 
from the excitation of the stimulated part (monoc- 
ular double vision) (ef. 6, p. 50). 

2. If excitation takes place despite the obstacles, 
it spreads abnormally and lasts an abnormally long 
time. This again is due to the disturbance of the 
process of equalization by every damage. For ex- 
ample, the patient may be unable to locate the 
precise point stimulated on his skin. On the other 
hand, there is a long after-sensation. Examples 
here are the phenomena of tonic innervation, a 
repetition of the same movements, reiteration in 
reflexes (clonus), etc. A word grasped by an 
aphasic with great difficulty sticks and influences 
subsequent performances, perseverates. (Concern- 
ing the origin of perseveration and ways to avoid 
it. 

3. A further characteristic effect of the damage 
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is that performances of the organism are deter- 
mined to a much greater extent than hormally by 
external factors (cf. 6, p. 154). As a result of lossof 
structure, patients are deprived of former experi- 
ences; thus external stimuli acquire an abnormal 
importance. 

4. Modification of the patient’s performance 
results predominantly from a blurring of thesharp 
boundaries between ‘‘figure’’ and ‘‘ground”’ (cf. 
6, p. 109, 151). In any function of the organism the 
excitation in the nervous system is distributed in 
such a way that the process in a circumscribed area 
differs as to form and intensity from the state pre- 
vailing in the rest of the nervous system. To the 
process in the circumscribed area there corre- 
sponds that which we call performance designated 
by the term “‘figure’’, to the process in the rest of 
the nervous system the term “background” or, 
more briefly, ‘“‘ground,’’ applies. When we look at 
any picture we at once see and understand what is 
figure and what is background. The terms figure 
and ground can be applied not only to visual but 
to all performances. 

Habitually we ignore the background of a per- 
formance and pay attention only to the figure. 
But figure and background are intimately inter- 
connected. Neither can be properly evaluated 
without the other. All damage in the nervous sys- 
tem, especially in the brain cortex, disturbs the 
relation between figure and ground. The sharp 
differentiation of figure from background suffers, 
figure and background intermingle, inducing a 
general leveling. This is sometimes carried to the 
point of inversion, where the figure becomes back- 
ground and the background figure. Many symp- 
toms become understandable from this point of 
view. 

5. Defects found in special examinations do not 
always reveal conclusively the real disturbances 
in everyday performances. The behavior of the 
patient with hemianopsia is a case in point. It is 
known that even a complete hemianopsia does not 
necessarily disturb the patient a great deal in 
everyday life. The patient may realize his defect 
only as a general diminution of his vision in one 
eye. Examinations have shown that the reason for 
this is that the patient does not have a “‘half field” 
of vision in his everyday experiences. The hemi- 
anopic defect exists only in perimetric investiga- 
tion, not in everyday vision. For an explanation of 
these phenomena which are of particular interest 
from the theoretical as well as the practical point 
of view, I would like to refer to 6, p. 53 and 131. 

II. Symptoms due to separation of an undam- 
aged area from a damaged one. By such separation, 
or as I call it “‘isolation,’’ the function of the un- 
damaged area is modified in a definite way (cf. 6, 
p. 132, et seq.). Here we are dealing with the pos! 
tive symptoms of Jackson. It is reasonable to 
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assume that in the normal nervous system all parts 
function in interrelation with the whole, or at least 
with more extensive fields. Performances in a given 
feld are therefore also determined by the func- 
tioning in other fields. Loss of certain perform- 
ances, through damage of their substrata, brings 
shout the modification of other depending per- 
frmances. Innumerable examples could be 
adduced from pathology—the appearance of exag- 
grated or abnormal reflexes, such as Babinski’s 
sign, in lesions of the pyramidal tract, in the field 
of speech logorrhoe in sensory aphasia, lack of 
control due to the motor cortex, etc. 

III. A third group of symptoms is due to the 
elect which the pathological process in the dam- 
aged area exerts on other parts of the nervous 
system, for instance by irritation of the immediate 
neighborhood. We call these depending symptoms 
(ef. 14, p. 198). One other instance is the missing of 
aperformance due to a disturbing effect of one 
part of an apparatus on the rest of the apparatus. 
Ifthe other part is not in gross anatomical connec- 
tion with the first, the origin of the functional 
defect may not be immediately apparent. In some 
tases where both frontal convolutions represent 
one apparatus, damage of the area of the one 
side may produce a defect of motor speech. If the 
damage consists of a scar, excision of the latter 
may bring the other undamaged side again into 
function, at least to a certain degree. In such.a 
case the patient may improve after operation of a 
scar or a tumor even with respect to the symptoms 
which we believe are in relation to the affected 
area. In fact, the existence of such a mechanism 
tan be assumed only if it is proved that the part 
secondarily disturbed is an essential part of the 
whole apparatus. Only then can we expect an im- 
provement by operation. However, we cannot 
expect this if the symptoms are due to isolation. It 
isevident that this distinction between secondary 
symptoms and symptoms due to isolation has a 
definite bearing on therapy. 

IV. The fourth group of symptoms are expres- 
sions of the tendency of the organism to avoid 
tatastrophic conditions (cf. 6, p. 35 et seq.). In 
order to understand this some introductory re- 
marks are necessary here. 

If patients with severe brain injuries are ob- 
served without prejudice, one will frequently find 
tonsiderable variation in performance. Apparently 
similar tasks will sometimes be properly per- 
formed, sometimes not. Incapacitation seems to be 
 aftereffect of a preceding failure. This becomes 
understandable when we do not simply note and 
ttecord the fact that the organism is unable to per- 
form but that the patient is changed in his total 
behavior. He looks definitely dazed, changes color, 
becomes agitated, starts to fumble, his pulse 

omes irregular, his is sullen, evasive, exhibits 
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temper, or even becomes aggressive. Subjectively 
he feels more or less disturbed and afraid. In the 
situation of success on the other hand he is steady, 
interested, cooperative and feels much more at 
ease. We call the state of the patient in this situa- 
tion of success ‘‘ordered condition,”’ and in the 
situation of failure ‘‘catastrophic condition.’’ It is 
important to know that the patient in the catastro- 
phic condition is not only incapable of performing 
the required task which exceeds his impaired 
capacity but fails consequently also in perform- 
ances which he is able to carry out in the ordered 
state. This aftereffect explains the variations of 
performances mentioned before. 

The sick organism has a strong urge to meet all | 
demands as well as possible; its existence is bound | 
up with such an endeavor even to a greater degree 
than in the case of the healthy organism. Only in 
this way can he avoid catastrophies. That is par- 
ticularly significant for the sick organism, because 
only then can he exploit his preserved capacities. 

There are different ways in which the organism 
evades the threat of catastrophe. One of these is 
self-exclusion from the world, i.e., loss of. con- 
sciousness. In some cases that may occur even in 
seemingly unimportant situations. It is to be ob- 
served, for instance, if the individual has to solve a 
simple problem in arithmetic and cannot do it, or if 
he is demonstrated to somebody or if he is afraid 
of the examiner, etc. (One has always to be aware 
of this possibility in the procedure of retraining.) 

Other more suitable means of avoiding catastro- 
phe are the following: The patient seeks tranquil- 
ity, avoids company. He tries to avoid anything 
unexpected. The mere fact that the stimulus comes 
from a situation not belonging to the present 
milieu is irritating, because the patient has to shift 
and may not be able to do that. The patient seeks 
to surround himself with a protective fence that 
will prevent impinging stimuli from entering. He 
may build such a fence by everlastingly doing 
something. Concentration upon a particular 
activity makes him relatively impervious to the 
undesired and dreaded stimulation from outside. 
When he is confronted with a task he cannot cope 
with he will stick to the performances he is able to 
fulfill. Thus he appears abnormally fixated and 
rigid. 

A particularly interesting and important phe- 
nomenon resulting from this tendency to avoid 
catastrophies is excessive orderliness. Everything 
in the patient’s environment must have a definite 
place. Behind this formal geometry there is quite a 
utilitarian motive, namely bringing each object 
within the patient’s reach with a minimum of effort 
on his part. He gets excited if somebody changes 
the arrangement. 

Because of these prutective devices the patients 
often (cf. 6, p. 38) are utterly unaware of their 
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deviation from the normal and of their own state 
prior to injury. They may have compensated in 
their attitude and behavior in such a way that the 
defect causes no difficulty at the moment. A pa- 
tient who had been shot through the chiasma opti- 
cum was at first totally blind. As long as this lasted 
he was unaware of being blind. He used to talk of 
visual things like any seeing person; he was quiet, 
his behavior was orderly, and one could see that he 
managed to get along without difficulty in the 
hospital environment. Later his injury improved 
and he regained sight to a certain degree. Now he 
became upset: he sought to orient himself by 
means of sight, but failed, owing to its imperfec- 
tion. He was thus less well adapted to his world 
than he had been when blind. Now, for the first 
time, he spoke of something not being right with 
his vision, and this previously reasonably con- 
tented man dropped into a state of depression. 
‘“‘What’s to become of me if I can’t see?’”’ he would 
cry. 

Adaptation with loss of awareness of the defect 
occurs without the patient’s being conscious of it. 
The following is an example of this: A patient of 
mine suffering from visual agnosia could not 
recognize a single letter visually. Yet he could 
make out. the meaning of words, by way of kines- 
thetic experiences gained through tracing the seen 
lines with movements of his head. The modification 
of behavior which helps to avoid catastrophic 
conditions finds its most salient expression in per- 
sons having major defects. 

In severe lesions of one side of the cerebellum, we 
may find a “tonus pull’ of the body toward the 
diseased side (cf. 11). All stimuli which are applied 
to this side (stimulation of the vestibulum, the 
skin, the eye) are met with greater intensity in 
comparison to the effect of stimulation of the heal- 
thy side. This abnormal “‘turning toward the stim- 
ulus’’ (cf. 6,.p. 118) leads to abnormal deviation in 
walking, falling, past-pointing all toward the 
diseased side. Usually these patients display, if not 
stimulated, an abnormality of posture in the form 
of tilting of the body, especially of the head. Sub- 
jective as well as objective disturbances immedi- 
ately appear (falling to that side, etc.) as soon 
as the patient resumes the ‘“‘normal’’ position of 
the body. Apparently the abnormal posture repre- 
sents an adjustment of the organism to the defect 
(the abnormal pull towards the one, e.g. left side) 
and a new state of order which guarantees normal 
functioning. The organism is able to utilize more 
effectively its remaining capacities. This compen- 
sation is brought about in one type of case by tilt- 
ing of the body toward the diseased, in another 
toward the healthy side. (Poetzl, Goldstein.) We 
can state the facts by saying: in the first case the 
organism found a new order by yielding to the 
tonus pull, while in the second it checked the effect 
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of the tonus pull by producing a pull in the oppo 
site direction. (cf. 17.) 


B. The procedure of rehabilitation in relation i 
the various forms of symptoms. The discussion of the 


origin of deviations from the normal in a defect 
the brain has revealed that a definite abnormalit 
is not at all simply a direct consequence of the lat 
ter but an expression of the struggle of the particu 
lar individual with his defect and his attempt te 
perform as well as possible the tasks arising from 
the environment. This aspect must determine the 
direction of our procedure in retraining and re 
habilitation. 

Before we begin with retraining we want to knov 
to what degree spontaneous restitution has oc 
curred or can be expected to occur. Our discussion 
of the origin of symptoms will make us cautious in 
our judgment about this point. Restoration of 1 
performance may be the effect of a new organiza 
tion by adjustment to the defect which in itself is 
not improved at all. This is of the utmost signifi 
cance for the question of localization. Such : 
pseudo-restitution by adjustment does not allor 
us to assume that another part of the brain hs 
taken over a function to which it was not related 
before. 

As to retraining we shall be inclined to follow the 
ways in which the organism spontaneously bring 
about improvement of performances by adjust 
ment to the defect and to help the individual t 
enforce the natural procedure. This is often the 
correct way to improve a particular performance 
But it will not always bring about the best resul 
in rehabilitation. Spontaneous improvement 0 
some performances by adjustment with the help 
protective mechanisms may allow the use of ! 
capacity only under certain conditions. That ma) 
incapacitate the man in work which he is able t 
fulfill but cannot because this condition contr 
dicts the work. Then a better result will be reached 
if we teach the man to renounce some of these pr 
tections and induce him to use his remainilf 
capacities even if sometimes catastrophic condi 
tions may occur. We must help him to face th 
danger, to bear some disagreeable occurrences all! 
protect him by other means against severe cata 
trophies. Here the confidence in the teacher 
other persons who supervise him is of paramoull 
significance. It is very important that the patiel 
discover that the danger in using his capacities 
not as great as he feared. We shall often have 
decide how much of his incapacitation he mus 
bear and how much he may compensate. Our de 
sion will be determined by the kind and severity? 
the defect, the personality of the patient, the sitl 
ation in which he has to live and to work, whé 
kind of work he will be able to fulfill in spite of! 
impairment, etc. When direct improvement is 
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be excluded we shall teach use of compensatory 
means. Here systematic building up of round- 
about ways is the procedure of choice. 

The deviations from the normal which have to 
be considered in rehabilitation are of two kinds: 

Those which concern the general performance 
capacity, physical as well as mental; 

Those which concern special performances, such 
as mental capacities, motility, speech, read- 
ing, etc. 

Deviations of the first type occur particularly 
in diffuse damage of the cortex or in lesions affect- 
ing the frontal lobes or the posterior pole of the 
brain. Circumscribed defects correspond to local- 
ised lesions in the one or the other area. 

1. Rehabilitation in impairment of the general 
performance capacity. Evaluation of the patient’s 
complaints may give some insight as to his general 
capacity to work. But for a definite decision about 
what he may be able to do in real work and for 
what kind of labor he-would be best suited, more 
precise facts are needed. One can gain them by the 
application of two types of exact methods. One 
may select some physical or mental tasks, observe 
the individual’s performance at them over a cer- 
tain time and draw conclusions from the records 
as to his capacity for performances in general 
and in specific vocations. Because the tasks in 
these tests differ essentially from those the in- 
dividual is accustomed to do, they are called ‘‘ab- 
stract performance tests.’”’ On the other hand 
one may observe the individual during actual 
labor and record his effectiveness during a certain 
time. This is a ‘‘concrete labor test”’ (cf. 7, p. 137). 

The essential difference between the two meth- 
ods consists in the following: The abstract tests 
reveal something about the course of the psycho- 
physical processes in ai. individual in general, his 
timing, his promptness, regularity, irregularity, 
fatigability, etc., while the concrete tests give 
hore insight in the capacity in a special kind of 
work. From the practical point of view it is much 
easier to use the abstract performance tests. This 
will be useful only if we are able to make conclu- 
sions from the results gained from them on the 
expected capacity for work. Comparison of the 
results taken from the same patient with both 
methods has shown this is possible. 

The following very simple methods are appro- 
priate in abstract testing: a, the reaction time test; 
b,the Kraepelin method of continual addition, and 
‘, testing of motor capacity by ergographs. In the 
simple reaction test the patient has to press a key 
quickly as possible on the appearance of a light; 
Inthe choice reaction test he has to react to a large 
light, not to a small one, etc. The times and errors 
ae recorded in a series of stimulations. From the 
action test we obtain data for determining the 
erage reaction time and, more important for our 
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purpose, insight into the behavior during contin- 
uous activity from the curve corresponding to the 
time needed for carrying out the successive reac- 
tions. We learn something about the individual’s 
endurance, capacity to learn, his fatigability, and 
his ability to make a choice. In the addition test 
the task consists of adding pairs of numbers in a 
presented series of numbers as quickly as possible 
and to continue in this way for about 3-1 hour. The 
results of the number of additions in each subse- 
quent minute are checked. They are then recorded 
as to errors and number of additions made in one 
minute. The number of answers is plotted with the 
number of minutes and combined in a curve, which 
allows insight in about the same directions as the 
reaction test. : 

Ergographic tests are particularly suited for 
study of fatigue and working capacity in the use of 
muscles. One can study the motor activity and 
power of one finger by a finger ergograph or of one 
hand by a dynamometer, or of the whole body by a 
large ergograph where the subject has to draw up- 
ward a handle attached to springs. The higher the 
handle is lifted the more springs are tensed, the 
greater the energy that the patient must use to lift 
it. There is certainly no small difficulty in getting a 
correct judgment about a man’s capacity from 
the thus resulting curves but I can say from ex- 
perience that the curves gained with these ergo- 
graphs can be used very well for practical pur- 
poses in patients with brain injuries. The curves 
of the patients obtained with all the mentioned 
tests show characteristic deviations from the nor- 
mal. It is impossible to evaluate these deviations 
by comparison with the curves of the particular 
individual in the healthy condition but they may 
be compared with the curves of average normals. 
The deviations from the normal curves are so def- 
inite that they can be recognized as pathological. 

It is impossible to go into the details of the re- 
sults gained with all these tests. Some may be 
reported as examples. In the reaction time test, for 
instance, the brain injured individual may differ 
from the normal by an increase of the reaction 
time, particularly by the occurrence of extreme 
fluctuations between bad and good performances 
and the sudden break of the curve. These abnor- 
malities especially occur or increase on days when 
the patient does not feel well. Furthermore, all 
abnormalities are much more pronounced in the 
curves of choice reaction. Abnormalities in the 
addition test present themselves in deviations as 
to. the number of additions solved per minute 
(height of curve), the capacity for continuous 
effort (length of curve), and the form of curve. 

The results gained from the three ergographic 
tests may be summarized as follows: There are 
some patients with brain injuries whose scores in 
all three tests are almost normal. The mentioned 
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single characteristics can in no way be considered 
as definite indications of equal damage to the gen- 
eral capacities of the brain. It depends somewhat 
upon the localization whether abnormalities in 
these tests show or not. For instance, patients with 
lesions in the motor area rarely show such severe 
disturbances of the general capacities as those with 
lesions of the frontal lobes or particularly in the 
occipital lobe. The finger ergograph, where the ac- 
tivity does not need much strength, is particularly 
suited to give an insight in the ‘‘manner of work.” 
This also was brought out by the fact that the re- 
sults of this test correlate with the curves gained 
from the reaction test and the addition test. Com- 
parison of the results of the tests may show differ- 
ences and conformities. The following practical 
conclusions may be drawn up: 

Patients with normal curves in these tests will 
not show any essential deviation from the normal] 
in regard to either the manner of working or their 
strength. 

Patients who present good results at the start 
but are forced to give up almost immediately are 
patients with impairment of motor capacities. 
However, similar results may appear in patients 
without definite circumscribed defect of motor 
activity. Abnormalities from the very beginning 
may be an expression of a difficulty in general 
working capacity. If a patient shows good results 
in the finger ergograph, but shows bad results on 
the other one, it indicates that he is physically 
incapacitated, but has good ability to concentrate, 
to attend and endure. 

For organization of the ‘‘concrete labor tests”’ 
the following rules should be observed: The psy- 
chological conditions under which the man is work- 
ing must be regulated as nearly as possible to con- 
form with those of regular labor. The labor must 
have market value; the work must be continuous, 
and must be in the nature of piece work; the man 
should try his best but over-exertion should be 
avoided; concomitant medical control should 
prevent over-exertion. Each man’s work should be 
controlled in all details as to the number of hours 
he works each day. Duration of interruption must 
be recorded. Curves of the capacity and wages of 
each man should be plotted. If the wages of the 
man remain below a certain average for a certain 
period of time, new investigation of the case should 
be made. It has been shown that it is not necessary 
to have the man work in real factories which makes 
the whole procedure very difficult; it is satisfac- 
tory for our purposes to use simpler workshops 
(cf. 7, p. 137). 

If one compares the results obtained by the ab- 
stract tests with those gained in the workshop, 
they show a high degree of conformity. The follow- 
ing examples may illustrate this: A man with a 
frontal lobe lesion who is easily tired showed in the 
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simple reaction test no abnormality as to time but 
great fluctuation in the choice reaction test. His 
capacity for addition was limited; he was quickly 
fatigued in the finger ergograph test and still more 
so with the large ergograph. From these findings 
we could conclude that his working capacity would 
be poor and fluctuating. This was confirmed by his 
record in the workshop over a period of 15 weeks, 
His wages were very low. He had to interrupt work 
often. This behavior was particularly striking as 
the man was very willing and skillful and did not 
give the impression of being sick. 

Another case is a man with an occipital lobe 
lesion, visual agnosia, marked vasomotor distur- 
bances, no paralysis; he works well and is willing 
to work. His curve of simple reaction was rela- 
tively normal. The reaction times were short, 
increased only after a long period and then not 
very much. In choice reaction he showed great 
fluctuation varying from day to day. His addition 
curve showed no essential deviation from the aver- 
age number of additions, an average length of time 
and no great fluctuation. The ergograph curves 
were short showing an early decline and fatigabil- 
ity. One had the impression that the man tried his 
best, was not poor in any performance, but had 
early fatigue and fluctuations of capacity at one 
day much more than at another. His record in the 
workshop was similar. He earned quite a bit of 
money but his work fluctuated; on the whole he 
was able to do average work for a week. However, 
suddenly he may become so exhausted that he can 
no longer work. Two days later he may begin 
again and does very well for two weeks, but he 
again breaks down. 

These two examples may show that it is possible 
to gain some judgment about the working capacity 
of the patient from the results with the abstract 
performance tests. Indeed, we are still at the be- 
ginning and our results are not at all satisfactory. 
But the principle seems to be sound and therefore 
recommendable. Research in this direction seems 
to me particularly promising for progress in theo- 
retical as well as practical aspects. 

Fatigue and perseveration. Fatigability and per- 
severation are often mentioned as obstacles it 
retraining and rehabilitation of brain-injured 
individuals. However, we find that in one and the 
same patient these phenomena do not invariably 
appear under all conditions. If we want to avoid 
these obstacles we should know which condition 
particularly facilitate their occurrence and under 
which others they are less likely to appear. Cot 
sideration of the facts from this point of view is 
also of great interest for theoretical clarificatiol. 

Fatigue usually is considered due to increasil§ 
consumption of energy by work. Fatigue or fatig* 
bility is measured in terms of increasing impail- 
ment in continuous performance. Observation af 
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wr patients shows that fatigue is not a simple 
function of the duration of continuous perform- 
ance but depends to a high degree upon whether 
the performance in question is within or somewhat 
sbove the capacity level of the individual (cf. also 
investigations of Howard Bartley, 9). 

The paradoxical situation may occur that fa- 
tigue may even decrease as the activity is con- 
tinued, if for instance a later demanded task is 
“easy’’ to perform while the first task could be 
executed only with difficulty. A second point is 
that fatigue does not express itself simply as a 
sowing down of performance, but, at least at the 
beginning, in fluctuations of performance. Subjec- 
tively the individual feels not only incapacitation 
but also discomfort, uncertainty and distress. The 
phenomena occurring in fatigue show great simi- 
larity with those to be observed in the catastrophic 
condition and seem to be closely related to it. Our 
patients fatigue so easily because many normal 
tasks represent for them difficult tasks and produce 
distress. While fatigue in difficult tasks may thus 
be understandable, we may ask whether the 
same point of view is suited to explain also the 
ocurrence of fatigue in continuous work which qua 
isk is within the limits of the individual’s capac- 
ity. I think it is. Continuation means a consump- 
tion of energy which deteriorates the function of 
the substratum changing so that a task which was 
previously easy to perform now is a difficult one. 
Thus mere continuation may produce catastrophe 
and fatigue. That becomes evident when in con- 
tinuation of one and the same task fatigue sets in 
earlier than when the task is varied. Boredom and 
interest show their influence. That has to be con- 
sidered particularly in testing situations. If, after 
we recognize the onset of fatigue, we change the 
task, the patient may perform better subjectively 
ad objectively, particularly if the succeeding task 
iswithin the capacities of the individual, and espe- 
tally if changing does not demand voluntary shift- 
ing on the part of the individual, a particularly 
dificult problem for many brain injured patients. 

Performances which do not ask for voluntary 
adjustment and shifting are easier for these pa- 
tients. Such “‘automatized” performances may be 
‘ntinued for a long time without the patient 
showing and experiencing fatigue. However, we 
itequently observe severe breakdowns after excel- 
lat performances. This suggests that the ‘“‘symp- 
‘oms” of fatigue are not signs of catastrophe but 
indications of imminent catastrophe warnings 
"hich, thoroughly considered may help prevent the 
latter. Patients with a mental defect manifested 
lack of planning and foresight are particularly 
Yherable. They do not recognize the protective 
Manger signs of fatigue as such and become ab- 
hormally fatigued, particularly if they are made 
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Perseveration is a frequent phenomenon in brain 
damage. I am inclined to assume that it is a secon- 
dary phenomenon due to incapacitation in some 
performances and a means to avoid catastrophe 
occurring under such conditions. As a matter of 
fact perseveration occurs particularly if the pa- 
tient is forced to fulfill tasks he is unable to cope 
with. A patient, for instance, who has difficulty in 
arithmetic may be able to answer promptly as long 
as he has to solve problems which are within his 
capacity. The moment he is given a problem which 
he is unable to fulfill, he may either be thrown into 
a catastrophic state and not react at all or he may 
repeat the last correct result, or a part of it, in 
answer, i.e., he perseverates. However, if he is 
then given an example which he is able to solve he 
may again answer correctly and all perseveration 
disappears. 

When we observe that the same patient under 
some conditions shows perseveration, under others 
distractibility, it becomes evident that we are not 
dealing with a primary defect of “‘rigidity.’’ The 
sick organism tries to react to the task set before 
him as well as possible. Confronted with tasks 
which he can fulfill, he reacts successfully. If he 
cannot do so, he tries to react to that part of the 
task on which he is able to succeed by means of his 
remaining capacity, and he sticks to that rigidly, 
because thus he can best avoid catastrophe. But 
under certain conditions he becomes aware that he 
has not fulfilled the task correctly. Then he gives 
up the first reaction, I think because continuing it 
does not help in overcoming the distress. He 
tries again and may become attached to another 
part of the situation to which he is able to react, 
but again may feel that he is not performing the 
task demanded. Thus he appears abnormally dis- 
tractible (cf. 6, p. 154). 

Neither rigidity, perseveration or distractibility 
are defects per se but phenomena coming to the 
fore under various conditions that can be defined. 
They can be avoided—at least to a certain degree— 
by the same means by which abnormal fatigue can 
be avoided, understandable because ultimately 
they originate from the same cause. 

2. Rehabilitation in impairment of special per- 
formances. We have no space to discuss heré,all the 
special defects observed in brain injuries in rela- 
tion to retraining and rehabilitation. There is from 
the beginning the question as to how we should 
proceed with retraining. Should we simply help 
the patient to regain his lost performance capac- 
ity, to use it in the same way as he did before in- 
jury, or should we help him to learn to compensate 
with other performances? Our choice will depend 
primarily upon the degree of damage of the ner- 
vous and physical mechanism which is related to 
the performance in question. 

I think it is correct to assume that to each 
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mental performance there corresponds a particu- 
larly constructed substratum in the brain, that 
functions in a definite way. The nervous mechan- 
isms are, so to speak, predisposed. They develop 
during the growth of the individual and gain a 
particular organization by experience. They ex- 
tend from the peripheral sense organs to the sub- 
strata of the most complicated mental perform- 
ances. If such a substratum is damaged in its 
functioning, the organization as a whole may be 
maintained, the mechanism losing only some of 
these functions acquired by training. In such cases 
it may be possible and appropriate to retrain this 
functional mechanism by the same means by which 
it was built up in childhood. Hence it may be 
possible to acquire again the lost performances. 
This happens also in spontaneous recovery, where 
the apparatus is retrained by the demands of the 
environment. 

If, after a thorough analysis of the symptoms, 
one is convinced that the brain matter is damaged 
to such a degree that some former functions are 
irreversibly lost, it will be necessary to proceed in 
another way. We shall have to help the patient to 
build up compensatory procedures in the same per- 
formance field. Even this, of course, will be impos- 
sible if the damage concerns an apparatus of so 
primitive a function as qualitative sense percep- 
tion. In damage of a sense organ, it would be futile 
to try to build up a new sense apparatus by stimu- 
lation of the sense organ. This applies also to some 
higher central apparatus such as the apparatus 
which is the anatomic counterpart of recognition, 
i.e., in-cases with visual agnosia or corresponding 
disturbances in other fields. If in these cases the 
apparatus is severely damaged, we have no other 
choice than to build up substitutes which may be 
performances of a totally different kind. That may 
be illustrated by a particularly characteristic ex- 
ample: The treatment of disturbances in word 
finding. There is one group of patients where the 
difficulty in finding words is mainly an expression 
of a personality change, an expression of impair- 
ment of “‘abstract attitude,’’ which we shall dis- 
cuss later. This change cannot be repaired if there 
is no restitution of the anatomical damage. The 
patient never regains the capacity of abstraction 
or if he does, only to a limited degree (16). For a 
person who is incapable of the abstract attitude, 
it is very difficult or even impossible to build asso- 
ciations that do not represent a connection he can 
experience concretely. They are in a situation 
similar to that of a person learning vocabularies of 
a foreign language that he does not understand. 
But their difficulty is still greater because, as a 
result of their impairment in abstract attitude, 
they cannot bring themselves, as can the normal 
individual, into that unnatural attitude which 
learning of such associations demands. There is no 
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other means of helping the patient than by teach 
ing him to find words in a roundabout way. Obser 
vation of the manner in which the patients them 
selves overcome their defect may be used as 
guiding principle. 

Frequently a patient, unable to find a name fo 
an object or a person or an action, recites a little 
verse or quotation that he knows is related to the 
object and contains the word he cannot find. Afte 
repeating the verse, he immediately recognizes the 
word as that he has been seeking. It is characteris 
tic that recognition of the spoken word is neve 
disturbed in these patients. 

A patient may sometimes be unable to evoke 4 
specific word, but may be able to recite a series of 
words containing it. It is easier for the patient ta 
learn a series of words belonging to a situation (fo 
instance, the names of a group of objects that arg 
in a natural relationship) than to learn separately 
words for individual objects. For example, he 
knows that “shirt,” “‘trousers,’’ “‘coat,’’ “‘waist 
coat,’’ ‘“‘necktie,’’ etc., belong together. He learn 
these words as a series. If he requires one of these 
he recites the series and picks out the correct one 
This process of learning can be facilitated if he 
gets to the point where one or more of the word 
occur to him spontaneously. Sometimes it helps t 
let the patient learn the words of a series in a defi 
nite rhythm, one that is familiar to him. Anothe 
practical method is to learn meaningful sentences 
which contain the required words. The sentence 
used in this way should depict concrete situations 
the more concrete the situation is to the patient 
the easier it is for him to hold it in mind and to fin 
the word in this indirect way. There is anothe 
roundabout method. The object which the patien 
is supposed to name may remind him of a situatiot 
in which this object has important context, an 
out of this concrete situation the word may comé 
to his mind. He may not, for instance, recall th 
name of a street, but he remembers that the stree 
has the same name as the first name of a frien¢ 
This recollection immediately brings the name t 
mind in connection with other characteristics 4 
this friend. 

There is further possibility of improving wor 
finding by use of visualization .The patient assot! 
ates an object with the seen word. If he is able « 
retain it, he will later find the name by reading 
visualized word. Sometimes it is sufficient for t 
patient to retain the visual picture of the im 
letter; this may be sufficient to produce the wort 
One can also utilize an association of the writte 
word with an object. Then the patient will wrt 
the word if he sees the object; he will read the wo 
and so will be able to speak it. 

There are other types of patients with difficult 
of finding words. They are not impaired in the 
abstract capacity; their difficulty in finding wo" 
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is due to disturbance of memory, especially in the 
sphere of language, or to disorganization of the 
so-called inner speech. In these cases a direct 
procedure of retraining is indicated in contrast to 
the indirect. way. Improvement can be reached 
by rote learning or in the second type of cases 
by consolidating the structure of the words (cf. 7, 
p. 161). It is interesting to note that the difficulty 
in finding words diminishes with improvement of 
the inner speech without any special retraining 
of word finding itself. 

I have mentioned retraining of the defect in 
finding words to emphasize the two basically differ- 
ent ways of retraining; the one consisting of direct 
re-education of an impaired capacity, the other 
consisting of building up roundabout ways. 

3. Rehabilitation of patients with impairment of 
the capacity of abstraction. Usually the mental 
changes of patients with brain injury are consid- 
ered from the point of view of impairment of spe- 
tial performances such as vision, speech, motility, 
sensation, etc., and of several functions such as 
attention, interest, emotion, memory, etc. Cer- 
tainly, consideration of the behavior in all these 
respects is important for retraining and rehabilita- 
tion. However, that is not sufficient. Often the 
defect does not consist simply of diminution of one 
or several of the above-mentioned functions. The 
patient has undergone a change of his entire per- 
sonality which modifies in varying degrees all these 
functions in a particular way. In all fields some 
performances are impaired or lost while others 
sem relatively well preserved. The symptoma- 
tological picture may seem very inconsistent. 
Therefore it is extremely important to know the 
structure of the mental impairment of the patient. 

The normal individual displays two kinds of 
attitudes towards the world, which we call the 
concrete one, and the abstract one. In the concrete 
ohe We are given over passively and bound to the 
immediate experience of the very things or situa- 
tions in their uniqueness. Our thinking and. acting 
are determined by the immediate claims made by 
the particular aspect of the object or situation. 
for instance, we act concretely when we enter a 
toom in darkness and push the button for light. 
If, however, we desist from pushing the button, 
telecting that by pushing the button we might 
wwaken someone asleep in the room, then we are 
ting abstractly. We transcend the immediately 
tiven specific aspect of sense impressions, we de- 
tach ourselves from the latter and consider the 
tituation from a conceptual point of view and re- 
*t accordingly. The abstract attitude corre- 
fonds approximately to what Henry Head has 

‘alled—in relation to speech—symbolic behavior. 
The healthy individual is able to shift volun- 
lily from one to the other according to the de- 
Mands of the situation. Some tasks can be per- 
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formed only by virtue of the one, others of the 
other attitude. During activity the concrete atti- 
tude is dominant, but if the course of action is 
interfered with. or disrupted, abstraction is 
required to correct such disturbances and to 
continue properly the activity in question. Exami- 
nation of a great number of patients with brain 
disease or injury has shown that certain types of 
brain pathology impair toa greater or lesser degree 
the capacity of abstraction (13). The patient is 
reduced to a more concrete level of behavior. 

Patients with impairment of abstract attitude 
may not appear to deviate grossly from normals in 
everyday behavior, because many routine tasks 
do not require the abstract attitude once these 
tasks have been learned. However, on observation 
of the patient in a variety of situations it becomes 
evident that he does not react like a normal 
individual; he appears more stereotyped and re- 
served. He seems to lack initiative and spontane- 
ity. Tasks which demand choice or shifting partic- 
ularly reveal the defect. 

From analysis of the behavior of a great number 
of such patients in various everyday and test situ- 
ations we have compiled a long list of conditions at 
which they fail or which produce great difficulty 
for them. In general these conditions involve 
choice, comparison, planning, symbelism, detach- 
ment, etc. 

Often it has been said that the defect of the 
patients consists of an inability to cope with new 
situations but that they are able to proceed in an 
abstract way as far as old experiences are con- 
cerned. As a matter of fact the patients fail equally 
in familiar situations as in new ones if they demand 
the abstract attitude. On the other hand they can 
successfully cope with new tasks though only as 
long as they do not require the abstract attitude. 
This is very important. If the defect would consist 
of an incapacity to handle new situations, the 
patients never would be able to learn anything and 
all our attempts to retrain them would be futile. 
On the other hand the patients are more likely to 
fail in new situations than in old ones because the 
former frequently demand new sets, that is, the 
abstract attitude. 

A few examples taken from observation may 
illustrate the failures of the patients. A patient 
may be able to count if the examiner begins the 
series, “‘starts him off,’’ but he cannot begin him- 
self. Once interrupted, he cannot continue. He has 
to begin again at the beginning. He cannot stop at 
an arbitrary point upon demand but continues 
until definitely interfered with. He is unable to 
shift from reciting one series (e.g., numbers) to 
another series (e.g., days of the week), though he 
can recite each by itself. He can follow and even 
take part in a conversation on a familiar topic or 
the immediate situation, but if the conversation 
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shifts to another topic equally familiar to the pa- 
tient, he cannot follow and is completely at a loss. 

He may react successfully in a simple reaction 
test but he cannot react differentially to two lights. 
He may be able to read a word and at other times 
to spell it, but when asked first to read and imme- 
diately afterwards to spell it he cannot do it. He 
may succeed in throwing a ball into boxes placed 
nearer or further away, without being able to tell 
which box is farther or which one nearer. He may 
be able to orient himself in a complicated building 
which has become familiar to him but cannot say 
anything about even the simplest relations of 
rooms or floors to each other. He has greatest diffi- 
culty in pretending. He fails on performances 
which are meaningful only with relation to future 
expectations or occurrences. 

The patient’s speech in general may not be im- 
paired; in certain situations he may have a great 
number of relevant words at his disposal. He will 
fail on the other hand, whenever the situation 
demands his conscious attention to the meaning of 
a word. The words have lost their meaning as sym- 
bols. They fit only in definite situations. The 
patient is particularly unable to understand that 
the same word could have different meanings in 
different situations. The patient may understand 
the word as part of a definite situation, but not if 
the word is used in another condition. Overlooking 
these language defects is likely to lead to the 
assumption mentioned above that the patient uses 
abstraction with regard to old material. As retrain- 
ing is dependent to such a large degree on lan- 
guage, it is of greatest significance to take into 
consideration changes of language due to the im- 
pairment of abstraction. 

If the patient with impairment of abstract atti- 
tude acquires certain materials by rote-learning, 
these new acquisitions lack stability. Only re- 
peated experience of the usefulness of these con- 
nections in concrete situations will stabilize them. 
But such experience will often be missing. Here 
another important factor enters which tends to 
facilitate learning and consolidate the material 
acquired: the patient’s confidence in the teacher. 
This confidence is a tremendous aid in the preser- 
vation of material learned meaninglessly and 
without insight. 

Most of the examples I have mentioned concern 
the behavior of the patient with regard to school 
material. However, the same difficulties can be 
demonstrated in practical activities, handicraft 
and labor. If one has occasion to observe patients 
at such work, to see how they learn a new occupa- 
tion, the significance of their defect for all proce- 
dures of rehabilitation becomes evident. If it is 
possible to organize the work in a way that the 
patient can grasp it concretely and handle the 


situation in a concrete manner, he may learn al- 
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most any type of work and accomplish good 
results. Wherever that is impossible it is in vain to 
tell him or to show him how to proceed. There are 
good possibilities for successful work even for 
brain-injured patients with severe damage, in such 
occupations as carpentry, book binding, shoe re. 
pairing, office work, etc., even in using machines in 
plants. Working on machines has been simplified 
so much at the present time that it presupposes 
very little abstraction. But only if taught in the 
right way will the patient be successful. It is par- 
ticularly important that conditions be arranged in 
such a way that the patient’s activity is inter- 
rupted as little as possible and that in such cases 
he is able to begin again without much delibera- 
tion. Furthermore, his work needs more control by 
others than the work of normal individuals, as he 
is more easily shocked by outside interference, by 
difficulties with defects of the machine, and 
may be unable to overcome such shock. The 
co-operation of the physician with experts in the 
various fields of occupation is here of greatest 
advantage (cf. 7, p. 208). 

Not all patients with brain injury have impair- 
ment of abstraction. Whether it is present or not 
depends on the localization and severity of the 
injury. It is particularly prominent in frontal lobe 
lesions, even when the lesion is relatively small and 
circumscribed (13), but it can occur also in other 
localizations. 

The patient does not recover from this defect if 
the damage of the brain is not restituted. Some- 
times removal of scar tissue is beneficial in this 
respect (cf. 14, p. 198). There is no possibility for 
substitution of this function by the more or less 
intact remainder of the brain. 

Lost abstract attitude cannot be regained by 
retraining (cf. 16, p. 53). The patient may lear 
to handle a task by means of a number of concrete 
procedures. He may achieve effectively correct 
results but never will he be able to fulfill the task 
in the normal abstract way. Sometimes, under the 
influence of training, success even in tasks which 
need abstraction may be attained. I do not deny 
that remnants of impaired attitude may in this 
way be set again in function. However, from obser- 
vation and analysis of a great number of patients 
I am inclined to assume that such improvement 4 
is found is mostly the effect of progressively bette 
utilization of concrete reactions and not an expres 
sion of returned abstract attitude. That does not 
make such improvements less important. They are 
the basis of success in rehabilitation. Howevel, 
they will be accomplished only if in all procedures 
one takes carefully into consideration the patient's 
impairment in his capacity of abstraction. If heis 
impaired in this capacity he has to be treated in a! 
essentially different way than if that is not the 
case. Therefore examination of this mental capa 
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ity has to precede any other procedures. Special 
ests Which we have constructed for this purpose 
have proved to be very useful in the examination 
of impairment of abstract attitude (15, 16, 18, 19, 
2). 

Summary. This presentation of the subject of 
rhabilitation following brain injuries is not at all 
complete. Limitations of space necessitated 
glection among the great number of problems that 
the observable facts offer for discussion. Under 
these circumstances, I deemed it expedient to take 
into consideration particularly such problems as 
may be of special interest for the physiologist, and 
for the rest to concentrate on general problems and 
to present these in such a way that application of 
the results to individual cases would afford a guide 
o appropriate treatment—whatever the special 
defect that the patient may show. 

Of course this can be expected only if it is as- 
sumed that all disintegration of function in dam- 
we of the brain cortex follows essentially the same 
lines, and that reorganization can be accomplished 
in about the same way in every instance, irrespec- 
tive of the location of the lesion and the special 
performance field affected. This is indeed the as- 
sumption that underlies all my explanations. It 
siems from the holistic approach that has proved 
40 fruitful in understanding organismic life in 
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health and disease (6). This approach has de- 
veloped especially from my study of the sequelae 
of brain injuries and has stood the test of the years 
through the success it has brought in treatment of 
patients with such defects. 

There is scarcely any material in pathology that 
lends itself so immediately to this theoretic ap- 
proach as observation of cases with damage of the 
brain. A great number of symptoms—described in 
the literature, but hitherto only insufficiently 
interpreted—became understandable in this per- 
spective and new facts revealed themselves over 
and over again. Insofar as this point of view con- 
siders pathologic phenomena merely variations of 
normal events modified according to definite rules, 
physiology may well profit from such an attitude 
in the analysis of symptoms in brain damage and 
in the rehabilitation of performances. 

Indeed, my presentation is an endeavor not so 
much to make direct contribution by actual dis- 
cussion of individual problems, but rather to offer 
such stimulation as the evidence of the usefulness 
of the methodologic approach in analysis of brain 
defects and in therapeutic procedure may provide. 
This is all that a short presentation touching on 
such comprehesive material can claim to accom- 
plish. 
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Autonomic nerves which modify either the func- 
tion or the blood supply of the organs play an 
important part in the restoration of function in 
disease. This statement is supported by certain 
physiological experiments. It is well known that 
loss of blood is ill tolerated after the elimination of 
the buffer nerves whereby pressor reflexes are 
abolished. The loss of 20% of the blood was found 
to cause a more severe fall in blood pressure in 
dogs in which the receptors of the sino-aortic area 
had been removed than was observed in normal 
dogs which had been deprived of 60% of their cal- 
culated blood volume (Gellhorn and Pollack—29). 
The increased sympathetic discharges following a 
fall in intrasinusal pressure tend to maintain the 
blood pressure and thereby the circulation of 
brain and heart when the posture is changed in the 
human from the horizontal to the vertical position. 
Operative elimination of carotid sinus receptors 
leads to postural hypotension in man (2). In cases 
of orthostatic hypotension these reflexes are 
apparently not absent since the pulse rate in- 
creases on standing (Hallock and Evans—29), but 
apparently the sympathetic effects on the blood 
vessels are inadequte to maintain the blood pres- 
sure in the erect posture. It is of clinical impor- 
tance that anoxia greatly weakens the carotid si- 
nus reflexes (16). This makes it understandable 
that a degree of anoxia which causes no appreciable 
change in blood pressure in the reclining position 
leads to an abrupt fall and a collapse in the erect 
posture (8). Carbon dioxide, which offsets the 
effect of anoxia on the central nervous system, 
intensifies the pressor reflexes originating in the 
sino-aortic area (Vercauteren, Gellhorn and 
Pollack—29). 

The regulation of the blood depots of the spleen 
(Barcroft, Scheunert, Izquierdo, Cannon; Grind- 
lay, Herrick, and Mann—29) and liver (Grab, 
Janssen, and Rein—29) is accomplished through 
sympathetic nerve fibers and through adrenalin. 
The réle of the liver under conditions of circula- 
tory collapse has been emphasized by Rein (25). 

The prevention of pathological states is also 
aided by modification of autonomic reflexes and 
increased sensitivity of autonomic centers. Dill 
(4) made the interesting observation that on re- 
peated exposure to heat a given weight loss pro- 
duced by sweating is brought about by progres- 
sively decreasing rises of body temperature. 


1 Aided by the Josiah Macy Jr. Foundation. 
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been emphasized by Keller and collaborators (17, 
18). 

The examples cited so far illustrate two facts; 
first, that autonomic reflexes may play an impor- 
tant réle in the recovery from disease; secondly, 
that excessive discharges may give rise to patho- 
logical changes in the organism. These data are of 
importance for medicine in war as well as in peace. 
Of still greater significance for problems of war 
medicine is the fact that thousands of men are 
repeatedly exposed to conditions of great emo- 
tional strain. It is of considerable interest that the 
eflect of these emotional tensions in war is aggra- 
vated, not only by repeated exposure to conditions 
causing emotional excitation, but also by the fact 
that these conditions may arise at times when the 
autonomic centers are affected by cold or heat, 
anoxia or hemorrhage. 

The recognition of the importance of the auto- 
nomic nervous system for problems of war medi- 
cine and rehabilitation depends on the under- 
standing of the réle of the autonomic centers for 
the behavior of the normal organism, and on the 
knowledge of their vulnerability under conditions 
which may be encountered by our armed forces 
during actual combat or during operations indi- 
rectly linked up with the war. The following para- 
graphs are an attempt to give a physiological 
basis for such an inquiry. 

Emotional excitation, such as can be observed 
in animals, is linked up with the hypothalamus. 
The rage complex is elicited in cats on electrical 
simulation of the hypothalamus (Karplus and 
Kreidl, Ranson—29); conversely, bilateral hypo- 
thalamic lesions, particularly in the mammillary 
bodies are accompanied by a diminished emotional 
response, cataleptic symptoms and somnolence 
(Ingram, Barris, Ranson, and Harrison—29). Re- 
lease of hypothalamic centers from cortical inhibi- 
tion leads to a facilitation of pseudo-affective 
response (sham rage) in animals in which both 


hemispheres had been removed. If the posterior | 


part of the hypothalamus is destroyed sham rage 
tan no longer be elicited (Bard—29). The rage 
tesponse involves both somatic (extrapyramidal) 
and autonomic nervous systems. The participation 
of the latter is indicated by symptoms such ag 
inhibition of peristalsis, piloerection, sweating, 
increase in pulse rate, blood pressure, and number 
of blood corpuscles (contraction of spleen), retrac- 
tion of the nictitating membrane, and pupillary 
dilatation. Although sympathetic effects are fre- 
quently dominant, parasympathetic discharges 
play an important réle, as seen by the occurrence 
f urination and defecation in man and animals 
inder conditions of emotional strain. Yerkes (29 
hentions vomiting as characteristic for emotion 
it chimpanzees, and Clark, Hunt and Hunt (29) 
tbserved, on firing a revolver, erection of the penis 
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and defecation in infants and chimpanzees in addi- 
tion to a series of characteristic motor discharges. 
Wolf and Wolff (28) present data suggesting 
parasympathetic as well as sympathetic effects on 
the stomach in man during emotional excitement. 

Anoxia, which is of importance for our discus- 
sion because of its occurrence in high altitude 
flying, leads likewise to autonomic discharges. 
Stimulation of hypothalamus and medulla in 
anoxia and under control conditions, gives evi- 
dence of increased excitability of sympathetic 
centers in anoxia, since the rise in blood pressure 
and the contraction of the nictitating membrane 
is increased in response to a standard stimulus. 
The increased excitability of these centers in 
anoxia seems to depend on impulses originating in 
the chemoreceptors (9). Parasympathetic dis- 
charges are likewise enhanced under anoxia, 
particularly when severe degrees of anoxia or 
asphyxia are employed (cf. Gellhorn, pp. 152—29). 

That cold and heat affect the hypothalamus has 
been clearly shown by Ranson and collaborators 
(23) and many others. Heat loss is regulated by the 
anterior hypothalamic area. Heat conservation is 
effected through the posterior hypothalamus. 
Cholinergic, although not exclusively parasympa- 
thetic, discharges are primarily involved in the 
regulation of heat loss whereas adrenergic mecha- 
nisms are called into action on exposure to cold, 
Autonomic and somatic discharges are integrated 
in emotional excitement as well as under condi- 
tions of stimulation of autonomic centers by heat 
and cold. 

Excitation of autonomic centers results not only 
in nervous impulses which send excitatory and in- 
hibitory impulses to striated muscles, smooth 
muscles, and glands of external secretion, but it 
affects likewise some glands of internal secretion. 
Increased secretion of adrenalin due to excitation 
of sympathetic centers occurs under conditions of 
emotional excitement, cold, hypoglycemia, and as 
a result of electrical stimulation of hypothalamie 
centers. It is recognized by its effect on denervated 
structures (heart, nictitating membrane, etc.), 
a hyperglycemic effect which is absent in adreno- 
demedullated animals, and by the biological assay 
of the blood of the adrenal vein. 

The parasympathetic system likewise regulates 
hormonal activity under conditions leading to 
excitation of autonomic centers. Emotional excite- 
ment, anoxia, exposure to heat and cold, as well as 
direct hypothalamic stimulation with electrical 
currents lead to an increased insulin secretion 
which is regulated by the vagus (Gellhorn, Cortell, 
Feldman and Allen—29). This is shown by the fall 
in blood sugar in adrenodemedullated animals 
which have been exposed to these conditions. The 
hypoglycemic effect depends on the integrity of the 
vagus; no changes in blood sugar are observed in 
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adrenodemedullated-vagotomized animals, in 
which a nervous regulation of the activity of the 
adrenal-medulla and of the islets of Langerhans is 
no longer possible. In normal animals the effects 
of the sympathetico-adrenal system predominate 
over those of the vago-insulin system as far as the 
blood sugar is concerned. This seems also to apply 
to the human, but in pathological disturbances 
this balance seems to be altered. Excitement 
causes schizophrenic patients to liberate sufficient 
quantities of insulin into the blood so that its in- 
jection in hypophysectomized-adrenodemedul- 
lated rats which are highly sensitive to insulin, 
produces coma or hypoglycemic convulsions, 
whereas such reactions are not observed on injec- 
tion of blood obtained from non-psychotic excited 
individuals (12). 

The relation of the autonomic centers to other 
glands of internal secretion is less clear. However, 
there are sufficient data to warrant the conclusion 
that hypothalamic-hypophyseal discharges occur. 
It has been observed that the rate of secretion of 
the gonadotropic hormones is increased during 
sexual excitement (Westman and Jacobsohn; 
Brooks—29), but no conclusive evidence is avail- 
able to indicate that this effect is present in other 
forms of emotional strain. Anoxia is known to 
cause an increased secretion of adreno-cortical 
hormones, (5) but the possible dependence of this 
effect on hypothalamic-hypophyseal discharges 
has not been studied as yet. Uotila (29) presents 
data suggesting increased secretion of the thyro- 
tropic hormone on exposure to cold which was 
absent after sectioning of the hypophyseal stalk. 
This observation makes it probable that the rate 
of secretion of the thyrotropic hormone may like- 
wise be regulated by the hypothalamus, but con- 
firmatory evidence is needed. 

The hypothesis that the rate of secretion of hor- 
mones of the posterior pituitary may be altered by 
hypothalamic impulses is suggested by observa- 
tions of Rydin and Verney (26). These authors 
observed an inhibition of urinary secretion under 
the influence of emotional stress (fright or pain). 
The effect occurred in spite of denervation of the 
kidneys and adrenals and removal of the abdomi- 
nal sympathetic chains. Moreover, it could be 
matched by injection of posterior pituitary ex- 
tracts, but not by the injection of adrenalin. 

From this brief and incomplete discussion it may 
be concluded that emotional strain and other 
conditions acting on autonomic centers in the 
diencephalon and medulla exert a profound influ- 
ence on the whole endocrine system by altering the 
rate of secretion of the adrenalin, insulin, and at 
least some pituitary hormones. It appears probable 
that permanent or semi-permanent changes in the 
balance of autonomic centers, and thereby in the 
endocrine system, may be the result of frequent 
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disturbances of these structures under conditions 
of stress and strain. It has been suggested else. 
where that the autonomic balance in psychotic 
individuals is altered, and that their changed 
behavior is definitely linked up with this central 
autonomic imbalance. This prompts the question 
as to whether repeated emotional strain or other 
stimuli acting on autonomic centers may cause 
chronic alterations in these centers. The experi- 
mental basis of this problem and its clinical and 
therapeutic evaluation will be discussed in the 
following paragraphs. 

It has been shown by Gellhorn in collaboration 
with Cortell, Feldman (10), and Kessler (13), that 
rats subjected to electrically induced convulsions 
(electroshock) and to anoxia, react with an excita- 
tion of the centers of the sympathetico-adrenal 
and vago-insulin systems. It was also demon- 
strated by Page (22) that repeated electroshocks 
lead to an altered behavior of rats. On the basis of 
this experience it was decided to subject several 
groups of rats repeatedly to anoxia and electro- 
shock respectively, and to study their autonomic 
balance and behavior under these conditions’. 

Exposure to anoxia was chosen as a test of reac- 
tivity of the autonomic centers. Since anoxia 
causes a rise in blood sugar of normal rats, a fall in 
blood sugar of adrenodemedullated animals, and 
no change in adrenodemedullated-vagotomized 
rats, it seems safe to conclude that hyperglycemia 
evoked under these conditions is a measure of the 
excitability of the sympathetico-adrenal system 
whereas fall in blood sugar is an indicator of the 
excitability of the vago-insulin system. If rats are 
subjected to a moderate anoxia for two hours they 
show a hyperglycemia; if, however, rats are sub- 
jected to five 25 minute periods of anoxia, a hyper- 
glycemic phase is followed by a period of hypogly- 
cemia (27). These experiments suggest that at first 
the sympathetico-adrenal system, and later the 
vago-insulin system predominates. This procedure 
adopted in our experiments as a test for the excit- 
ability of the sympathetic centers and the central 
autonomic balance was used in order to determine 
the effect of repeated anoxia and of repeated 
electrically induced convulsions on the autonomi 
balance. 

Figure 1 shows that the blood sugar curve ob 
tained from 13 rats followed the type described b 
Britton and collaborators. The rats were exposed 
to a barometric pressure of 280 mm. Hg for 
periods of 25 minutes each, and after each period 
blood sample was taken. The first sample obtained 
after 25 minutes of anoxia shows a slight rise i 
blood sugar whereas the last three samples show 


2 As to the technique, the reader is referred t@ 
papers of Feldman, Cortell, Gellhorn and Kesslej 
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fallin blood sugar below the control level. The rats 
vere then exposed 7 times during 9 days to a simu- 
lated altitude of 20,000 feet for 4 hours, and to an 
altitude of 24,000 feet for four hours during each of 
the three following days: Then the anoxia test was 
repeated with the result that the analysis of the 
blood revealed a greater initial hyperglycemia 
than under control conditions. Moreover, the 
blood sugar values remained higher throughout 
the experiment suggesting that the effect on the 
ympathetico-adrenal system had been increased 
sificiently te obliterate the fall in blood sugar 
«used by discharges over the vago-insulin system 
during the latter part of the experiment. There- 
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liter the rats were subjected to a second period of 
Mtoxia consisting of 9 exposures of 24,000 feet for 4 
ours in 10 days. Then the blood sugar test was 
peated and revealed now a considerable shift in 
Me blood sugar curve. The hyperglycemic effect 
Nag greatly increased and progressed during the 
Ave anoxic test periods. The rats were then allowed 
rest for a period of two weeks. Repetition of the 
Mst after this time showed that the initial hyper- 
Weemia was similar in magnitude to that seen in 
Me first control experiment. However, the hypo- 
Weemic effect at the end of the test was still 
dent. 

Experiments involving repeated application of 
ttroshock showed similar changes (fig. 2). 
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Prior to these procedures the rats reacted to 
anoxia with a typical biphasic blood sugar curve 
as described above. After the rats had been sub- 
jected to 24 electrically induced convulsions in 47 
days the anoxia test was repeated and showed a 
greatly increased hyperglycemic reaction persist- 
ing through all 25 minute periods of the test. A 
period of two weeks was inadequate to restore the 
blood sugar response to the normal level but earlier 
experiments performed in collaboration with 
Arnett (29) showed complete reversibility after an 
interval of several weeks. 

The experiments demonstrate that repeated 
anoxia as well as repeated electroshock lead to 
chronic changes in the activity of the autonomic 
centers as shown by the blood sugar curve obtained 
in anoxia. The reactivity of the sympathetico- 
adrenal system is greatly increased and extended 
in time so that the effect on the vago-insulin 
system is obscured. A period of rest is adequate to 
restore these reactions to normal. Repeated elec- 
troshocks cause the animals to become highly 
excitable (checked by 4 independent observers). 

Fear-like reactions as described by Page (22) 
were seen in the present series whereas in earlier 
experiments the altered excitability of the rats 
appeared in the form of aggressiveness toward the 
experimenter or toward other rats in the same 
cage. The increased excitability of these animals 
led to an almost continuous defecation and urina- 
tion during sampling of blood in contradistinction 
to the behavior of these animals prior to the ad- 
ministration of electroshocks. The fact that behav- 
ior changes were absent in the ‘‘repeated anoxia”’ 
group may be due to cortical damage. 

The experiments show that conditions such as 
anoxia and electroshock, which lead to massive 
discharges from the autonomic centers exert, when 
applied repeatedly, chronic effects on these centers 
which are only slowly reversible. These chronic 
effects are characterized by a change in the balance 
of autonomic centers leading to an increased pre- 
dominance of the sympathetico-adrenal system. 
This conclusion is based not only on the experi- 
ments reported in this paper but also on the fact 
that adrenodemedullated rats show either no or 
only slight changes in the reactivity of the vago- 
insulin, system under these conditions (unpub- 
lished data). It is suggested that the changes in the 
reactivity of the autonomic centers may be linked 
up with alterations in behavior as seen in the 
animals subjected to repeated electroshock. This 
assumption is based on the following data: 

1. Experimental and clinical observations indi- 
cate that hypothalamic disorders are accompanied 
by changes in personality. 

2. Destruction of the hypothalamus eliminates 
cortical potentials (Obrador, Kennard—29). — 

3. Rats with extensive hypothalamic lesions 
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cannot be conditioned (Gellhorn, unpublished 
data). 

4. Various procedures known to increase the 
excitability of the centers of the sympathetico- 
adrenal system (electroshock, anoxia, metrazol 
convulsions and hypoglycemic coma) profoundly 
alter conditioned reactions. (Gellhorn in collab- 
oration with Kessler (13), Minatoya (14) and 
Seese (15).) 

The experiments reported in this paper in con- 
junction with various experimental and clinical 
facts suggest that men, subjected repeatedly to 
conditions which cause an excitation of the auto- 
nomic centers in the hypothalamus and possibly the 
medulla, show a greatly increased responsiveness 
of sympathetic centers, which in turn may alter 
their behavior. The hypothalamic influence may 
be both direct and indirect; the former involving 
pathways from the mammillary body to the 
anterior thalamus via the Vicg d’ Azyr bundle, and 
from there to the gyrus cinguli and other cortical 
areas (Papez—29), the latter due to the altered 
rate of secretion of one or more hormones. At the 
present time the increased rate of adrenalin secre- 
tion is of importance because adrenalin may cause 
either excitatory (Domm and Gellhorn—29) or 
inhibitory effects (Darrow and Gellhorn—29) on 
the central nervous system, and particularly on 
autonomic centers. The type of effect depends on 
the intensity and duration of the increased secre- 
tion. It is of interest to call attention to the 
observation of Kraines and Sherman (20) that 
injection of adrenalin may evoke neurotic symp- 
toms. On the basis of these discussions it seems to 
be not unlikely that behavior disturbances due to 
repeated exposure to conditions of several of these 
factors are due to an imbalance of the autonomic 
centers in the hypothalamus and their direct and 
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indirect influence on the cortex. From the physio 
logical point of view two therapeutic procedure; 
suggest themselves: first, to suppress hyperexcita 
bility of sympathetic hypothalamic centers byMl 
means of drugs such as barbiturates whose effect 
on the hypothalamus is well established (21) 
second, to eliminate the effect of excessive adrena. 
lin secretion by ergotoxin. 

Summary. Procedures simulating conditions P 
frequently encountered by our armed forces such 
as emotional excitement, cold and anoxia lead to 
an excitation of autonomic centers and cause dis 
charges over the sympathetico-adrenal and the 







































vago-insulin systems, and to an alteration in the . 
rate of secretion of some pituitary hormones. I. Psi 
Repeated exposure to such conditions may altemiiiunces i 


the reactivity and balance of the autonomic cen 
ters. Thus, it is found that rats subjected to 
frequent periods of anoxia or repeated electrical 
induced convulsions, show in response to a stand 
ard stimulus (anoxia at 280 mm. Hg.) a greatl 
exaggerated response of the sympathetico-adrens 
system which completely obscures the reactivity 
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of the vago-insulin system. uch res 
It is suggested that these autonomic changemifhich cl 
may profoundly influence personality and behaviommmien fot 


either by the direct effects of the hypothalamus o1 
the cortex or indirectly through the effects on the 
brain by hormones whose rate of secretion has beer 
altered as a consequence of the excitation of au 
tonomic centers. Some therapeutic suggestions are 
made on the basis of the physiological analysis 
presented in this paper. 
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ions PSYCHOSOMATIC APPROACH TO PHYSIOLOGICAL DYSFUNCTION 
ued AND DISEASE 




























I. Psychosomatic concepts in relation to recent ad- 
ltemiances in physiology. The term psychosomatic had 
cela aura of newness and strangeness to most physi- 
| tolMtians a decade ago. Those interested in research 
allyiave become familiar with it and have found it 
and@increasingly essential as an approach to their 
atlinaior problems. Since September 1939 practicing 
enaipbysicians, both military and civilian, have been 
vitygjurning more and more to the contributions of 
ih research for help with the major illnesses 
hich challenges medicine in this crisis. It has 
n found that about eighty per cent of the ill- 
ss syndromes which cause disability in the 
med forces, as well as in the industrial army, 
quire a psychosomatic approach for adequate 
agnosis and treatment. 

According to the psychosomatic view, the crite- 
hon of health is maintenance by the organism of 
mmeostatic equilibrium within itself and within 
is environmental] field. Hence there is need for a 
ew approach to classification of the subject mat- 
tof medicine, based on psychosomatic concepts. 
the major contributions to these concepts have 
mme from physiologists on the one side and 
tom medical psychologists on the other. But it has 
ten difficult to establish common points of refer- 
nee and common terms for these two disciplines. 
Htaditional nosology is inadequate in both psy- 
liatric and somatic phases, and there is little 
mtact between their terminologies. The disease 
itities now recognized in each of these fields have 
tle relevance either to the organism as a whole 
tto the organism-environment continuum. 

What is needed is a system of classification which 
ill aim, not at defining disease entities in the 
tditional sense, but rather at describing dynamic 
dcesses in ill persons. It should begin with the 
ganism-environment continuum, and its material 
ould relate to the flow of energy in a field of ten- 
on. It should lend itself to quantitative measure- 
nt, assuming that the appropriate techniques 
tbe devised. 

Thus, in the case of hypertension, the name 
uld suggest the energy economy of the particu- 
organism in its environmental situation, to- 
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gether with both behavioral and somatic symp- 
toms. It should be capable of minor variation to 
parallel the minor variations of personality and 
symptom found within the general class. With 
such a nosology our thinking would be clarified 
and communication would be facilitated. 

A well-adapted nomenclature is an aid to scien- 
tific progress. It is suggested that an adequate 
nosology can be best developed by the use of 
mathematical symbols such as are employed in the 
more mature sciences, like physics. This sugges- 
tion will be elaborated in another paper. 

There is a habit of calling certain diseases psy- 
chosomatic in contradistinction to others. Some 
physicians think of psychosomatic medicine as a 
medical specialty parallel to internal medicine or 
psychiatry. But as a matter of fact, psychosomatic 
is merely an adjective which properly is applied to 
a method of approach useful in dealing with all 
types of human ailments, and essential to the diag- 
nosis and treatment of some. 

The dichotomy between psyche and soma which 
some feel is implied by the terms is the result of 
the way in which the scientific method in medicine 
has developed, and does not exist in the organism 
itself. The psychosomatic approach which repre- 
sents a stereoscopic picture of the results of the 
two methods of observation should be valuable in 
dealing with all known diseases and even with some 
illness syndromes not yet recognized as disease 
entities. 

There was a period in the history of civilization 
during which the major and often the only ap- 
proach to the cure of disease was through the 
emotions. Methods of developing emotional atti- 
tudes in sick people were the most effective instru- 
ments in the therapeutic armamentarium of the 
medicine man and the witch doctor. With the 
progress of medical knowledge such techniques 
were called unscientific and were discouraged. 

During the last four or five decades, a respectable 
body of scientific knowledge has been accumu- 
lated on which to base techniques for dealing with 
the psychic as well as with the somatic manifes- 
tations of dysfunction in the human personality. 
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Methods have been developed which will produce 
and cure neuroses in such animals as dogs, cats, 
sheep and rats, and it is known that disturbances 
in the energy economy of these animals may result 
in physiological as well as behavioral disorders, 
just as happens in human beings. 

Any textbook incorporating the psychosomatic 
approach to medicine (three have been published 
within the last year; Weiss and English, 1943; 
Dunbar, 1943; and Hunt, 1944) includes an outline 
of the nature of dysfunction of the total personal- 
ity and its manifestations in each organ system of 
the body, as well as a review of the personality 
types most susceptible to one or another of the 
well-known disease entities. It has become a 
platitude that ‘‘it is more important to know what 
kind of patient has the disease than what kind of 
disease the patient has.”’ 

As knowledge of physiological processes and 
sequences increases, more and more sequences are 
encountered which cannot be accurately observed 
or analyzed through the techniques of physiology 
alone. More complete understanding of them can 
be accomplished by a superposition of what can be 
observed by way of the techniques of physiology 
and by way of the techniques of psychology. 
Psychic and somatic phenomena take place in the 
same biological system and are probably two as- 
pects of the same process.! All advances in medical 
knowledge probably should be reviewed in the 
light of recent developments in psychosomatic 
research. 

Although infectious diseases are not generally 
reckoned in the eighty per cent of medical prob- 
lems for which the psychosomatic approach is 
necessary, and although the application of bac- 
teriological and physiological knowledge, with the 
aid of public health measures, has removed epi- 
demiological diseases from among the first ten 
causes of mortality; colds and other infectious 
diseases are still responsible for a large percentage 
of labor wastage. Recent studies have shown that 
the psychosomatic approach is useful in dealing 
with these problems also. It is to be remembered 
that Osler said, ‘‘What happens to a patient with 
tuberculosis depends more on what he has in his 
head than on what he has in his chest.’’ It is inter- 
esting also that the latest (14th) edition of Osler’s 
Principles and Practice of Medicine (See Christian, 
1942) has appeared with a first section devoted to 
psychosomatic medicine and functional diseases of 
the nervous system instead of the traditional 
chapter on infectious diseases. Earlier, in January 
1939, occurred the initiation of the journal Psycho- 
somatic Medicine, Experimental and Clinical 
Studies, was initiated. 


1See Introductory Statement by the Editors, 
Psychosom. Med. 1: 4, Jan. 1939. 
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The application of this point of view resulte 
in the inclusion of a discussion even of susceptibil 
ity to accidents in a recent colloquium on problem 
in psychosomatic medicine. It might be suppose 
that in infectious diseases, for instance, where th 
noxious agent is introduced from the environmen 
the personality has no réle to play, and yet iti 
apparent even without careful study that this view 
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An’ 
ignores the factor of differential immunity. Mont; 
might appear still more obvious that injurie vouns 
resulting from accidents are caused solely by eff oto 


vironmental impact, but psychosomatic study ha 
revealed that this is far from the whole truth sine 
it does not explain the well authenticated observs 
tion that some persons are far more prone t 
accidents than are others. 

Maintenance of homeostatic equilibrium withi 
the organism in its environmental field is essentis 
for health and for efficiency. Sometimes the physio 
logical aspect of a disturbance may be considerel 
primary and physiological methods may be mod 
erately effective, and the same is true of the psy 
chological aspect and methods. But usually th 
best results are accomplished by a combination 0 
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rehabilitation. Leading scientists and physician 
are in general agreement as to psychosomatic con 
cepts and the importance of their application 
the problems confronting medicine today. Darwi 
wrote, “Without hypothesis there is no usefl 
observation.’’ Much needs to be worked out frot 
the point of view of techniques, both medical at 
social, to make such application possible. Mo 
scientific studies correlating observations by wa 
of physiological and psychological methods 
needed, and physicians must be trained in the u 
of the stereoscopic picture thus obtained. Its plad 
in diagnosis is described in Dunbar, 1943. Som 
suggestions as to its use in therapy are to be foun 
in Weiss-English, 1943; Alexander, 1939; Sa 
1941; Dunbar-Arlow, 1944; and Hunt, 1944. 
Although the psychosomatic approach has 4 
application to all medical problems, it has a partit 
ular importance in relation to convalescence al 
rehabilitation. The chronic diseases which tal 
their toll in the older age groups claim first plat 
also as occasioning disability in the younger 4% 
groups, and their importance for both youl 
and old increases in all times of crisis, & 
nomic and military. According to the stati 
tics of the Metropolitan Life Insurance Compal 
every other individual in the United States p 
the age of 50 years dies of cardiovascular-rel 
disease. From other sources we have evidence ti 
probably half of these deaths are due to essen 
hypertension; that is, that almost one quarter 
all people past the age of 50 years dies of the effet 
of hypertension on one or another of the vi 
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@ rans. Thus essential hypertension becomes the 
greatest problem of middle adult life, not .even 
excepting cancer. (Weiss, 1939). And yet this im- 
@ portant illness is one in which the causative agents 
e essentially unknown. But one thing we do 
know is that in this illness the emotional factors 
play an important and often a determining réle. 
Anyone inclined to give little heed to such state- 


Y- Minents as these because of a feeling that it is the 
JUNe@ivoung rather than the old who deserve medical 
Y “lprotection, should consult the recent National 
ly hagifealth Survey which has shown that nearly half 














of our sufferers from chronic disease are under 45 
years of age, and 70 per cent of them are under 55. 
isa matter of fact only 15 per cent of all persons 
ith chronic disease are over 65 years of age. Fur- 
hermore, other surveys have shown that the very 
lnesses which take their major toll in terms of 
death, disability, and invalidism in the older age 
foups are as prominent in proportion to total 
Iness in younger age groups; for example, cardio- 
vascular disease and accidents. 

Already more than half of our patient-hospital 
lays are devoted to the care of the chronically ill. 
buch patients require one half of the annual serv- 


ne 


ion 0 


ce aces of physicians and almost three fourths of the 
1Clonual bedside nursing days. It is estimated that 
¢ colven now one out of five persons in the United 
ion 


“Bptates has some chronic disease, and that about 
arWiyo thirds of these are disabled for twelve months 


usefl: more. It has been discovered that exacerbations 
t from chronic illnesses are likely to occur in times of 
al a tess, and that they can be ameliorated or pre- 
Mo ented by combined attention to psychic and so- 
Y Whatic aspects of the illness. (See Dunbar, 1936- 
ds 8 938; Billings, 1937.) Rivers wrote, ‘‘Don’t de- 
he Uiote all your energy to the study of medicine; 
8 platirom time to time study a patient comprehensively 
. Sond not merely according to existing medical 
: fouuricula and horizons.” 
| SAU Aside from merely therapeutic considerations, 
: he reduction of chronic disease and the shorten- 
has “Bes of convalescence on the part of sufferers from 
parti would eliminate a tremendous economic waste. 
ce Mimilar success in rehabilitation of returned 
h t#ervice men suffering from disabilities would not 
it plat tly eliminate economic waste but would save the 
per “i ederal budget many millions of dollars. (See, for 
yo"mample, reports on “The Hospital Survey for 


8, Bs ew York,’? 1937-1938.) Much the same principles 
8 


t applicable to both types of cases. These prin- 
ples involve understanding of the psychosomatic 
PProach. 

Fundamental to successful treatment is a will to 
tt well on the part of the patient. Psychosomatic 
agnosis has revealed that especially in chronic 
leases, and even in fractures, there exists a will 
bbe or to remain sick because the patient is using 
Is illness as a means of escaping responsibility, 
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unpleasant life situations, or internal conflict 
with which he does not know how to deal other- 
wise. This statement does not imply the existence 
of conscious malingering. To state what occurs, in 
more physiological terms, when the energy re- 
leased in the patient by external stimulus or 
internal conflict is mobilized for action but no 
appropriate action is taken, it is likely to become 
bound in somatic symptoms, and the tension, 
instead of being dissipated in appropriate behav- 
ior, continues to disturb internal homeostasis. 

Returned soldiers are influenced not only by the 
ordinary motives to find their release in pathologi- 
cal symptoms, but they are also driven in this 
direction by special difficulties of their own. 
While enduring the abnormal traumata and pres- 
sures of war, they have idealized their lives at 
home and have also developed an expectation that 
they deserve extraordinary rewards on returning 
to civilian life (Kubie, 1944). 

When they discover that home is not all they 
imagined it to be and that they must resume the 
dull civilian routine without special consideration, 
they frequently regress to the attitude of the in- 
fant who insists on being cared for, and of course 
being sick renders this care necessary. In addition, 
governmental support or compensation during 
illness may remove much of the incentive for 
recovery if this attitude is uncorrected. 

In dealing with the emotional origin of symp- 
toms the most important goal for the physician is 
the development of insight in the patient concern- 
ing the way in which he deals with his unsolved 
conflicts, or his unacknowledged reasons for being 
sick. In this endeavor, it is exceedingly important 
to avoid any encouragement of the guilt and anxi- 
ety which are usually already present. Often 
spontaneous statements on the part of the patient 
will reveal to him the real meaning of his symp- 
toms. When insight is once achieved, the patient, 
with the doctor’s assistance, may be able to learn 
a better method of dealing with what has disturbed 
him and so cease to need the symptom. This, 
combined with whatever ordinary medical routine 
is required, often will go far toward shortening 
convalescence. 

A case which illustrates these points was that of 
a patient who was suffering from an obscure heart 
ailment and on three different occasions was hos- 
pitalized with such severe attacks that she had to 
be kept in an oxygen tent. After insight was de- 
veloped she completely recovered, and has had no 
recurrence over a period of six years. Concerning 
her illness, this patient said: ‘‘Until you made me 
face what was really bothering me, and showed me 
I could do something about it, life was impossible 
except when I was sick. It may sound funny to you, 
but it used to be a relief to have a real pain to fight, 
instead of my husband, and all the people I hated 
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and felt despised me. What I used to call the knife 
in my heart hurt so much that it blotted out every- 
thing else, everything that bothered me. It was 
like being drunk but even more potent.”’ 

III. Conclusion. The great physiological ad- 
vances of recent years have made possible the 
development of psychosomatic medicine by show- 
ing the association between emotions and bodily 
processes. Without simultaneous consideration of 
both it is impossible to make much headway with 
convalescence in that group of diseases which now 
accounts for by far the heaviest burden of mor- 
tality and morbidity. The same techniques are 
applicable to the rehabilitation of service men and 
women. Medical psychology has developed the 
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techniques for doing so. They involve development 
in the patient of insight regarding the relationship 
between his emotional conflicts and his symptoms, 
an insight which makes possible the will to get 
well. If this goal is achieved, the patient’s anxiety 
is relieved and he is able to assist the physician in 
shortening the period of convalescence. Without 
this cooperation, recovery is always retarded and 
it is sometimes impossible. 

As Gatti wrote, ‘Quand on est malade, c’est une 
dispute entre le malade et Ja maladie” (J/istoires 
Médicales). When both the patient and the physi- 
cian realize this, their co-operative achievement 
as a team in conquering disease is enormously 
increased. 
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ANNUAL MEETING 
CLEVELAND, MAY 8, 9, 10, 1945 


The last Annual Meeting was held in Boston in 


1942. At the request of the Office of Defense Trans- 
portation the Executive Committee voted to dis- 
pense with the Annual Meetings scheduled for 1943 
and 1944. The Executive Committee now feels, and 
has so voted, that the best interests of the Federa- 
tion will be jeopardized should a third consecutive 
Annual Meeting be cancelled. 

Nevertheless, transportation and hotel facilities 
are still heavily burdened. To meet this situation 


as far as may be at the present time, the Executive 
Committee, in collaboration with the Cleveland 
Local Committee, has planned the meeting for the 
mid-week, Tuesday, Wednesday and Thursday, 
with provision for scientific sessions and business 
meetings in the evening. 

Provisional arrangements for the meeting by the 
Local Committee are given below. Final arrange- 
ments will be published in the program section of 
the next issue. 


a 





CLEVELAND MEETING 


The Federation will meet in Cleveland May 8, 
9,10, 1945. At present the Executive Committee 
of the Federation and the Local Committee are 
planning to streamline this meeting in conformity 
with wartime conditions. Scientific and business 
meetings will be held Tuesday and Wednesday 
mornings, afternoons and evenings and Thursday 
morning and afternoon. Monday will be devoted to 
Council and Executive Committee meetings and 
to registration. 

HEADQUARTERS AND MEETING PLACES. The head- 
quarters of the constituent societies will be 
grouped in two hotels as follows: 


Hotel Cleveland 


American Physiological Society 
American Society for Experimental Pathology 
American Association of Immunologists 


Hotel Statler 


American Society of Biological Chemists 

American Society for Pharmacology and Experi- 
mental Therapeutics 

American Institute of Nutrition 

As far as possible,:all scientific sessions of each 
society will be held in the headquarters hotel 
designated. The Federation Joint Session and the 
motion picture demonstrations will be held at the 
Hotel Statler. Programs and additional announce- 
ments will be published in the March issue of the 
Federation Proceedings. 

The Local Committee wishes to express an 
earnest desire to assist in the arrangement of group 
dinners or group gatherings during the period of 
the meetings. The Local Committee will gladly 
Make all preliminary arrangements and sell 
tickets, if desired, but all guarantees and ‘other 
obligations must be assumed by the society or 
gtoup involved. Such arrangements should be 
made in advance of the meetings. Information 


regarding suitable location, probable menus and 
prices for group luncheons and dinners may be 
obtained by writing to the Secretary of the Local 
Committee. 

The Annual Dinner of the Society for Pharma- 
cology and Experimental Therapeutics will be 
held on Thursday evening. The Circulation Group 
will also arrange a program-dinner on Thursday 
evening 

It is planned to have an informal smoker Tues- 
day evening following the business meetings. 

REGISTRATION. Registration will start Monday, 
12 noon, May 7th, at both of the headquarters 
hotels. A person who is a member of any of the 
constituent societies of the Federation registers 
as a Member. Individuals from any recognized 
biological laboratory may enroll as Associate 
Members of the Federation for the meeting. A 
registration fee of one dollar will be required from 
each Member and Associate Member. Admittance 
to the scientific sessions is restricted to persons so 
registered. Registrants accompanied by members 
of their immediate family who are not eligible for 
registration may obtain guest privileges for them 
at the time of registration. Programs and abstracts 
will be on sale at the registration desks. 

HOTEL RESERVATIONS. Each person should make 
his or her own hotel reservation, indicating the 
time of arrival and departure. Ji is important to 
state that the room is desired for the Federation 
Meetings and it is essential that hotel reservations be 
made before April 15, 1946. The Local Committee 
has fairly adequate room guarantees for persons 
attending the Federation Meetings. However, 
because of the heavy strain placed upon hotels at 
this time they cannot promise reservations forthe 
Federation Meetings after April 15, 1945. 

The following prices per room have been quoted 
for the meetings: 
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DOWNTOWN 


Hotel Cleveland, Public Square—Single, $3.00- 
5.00, Double, $4.50-7.00. Twin Bed, $6.00-10.00, 
Suites, 4 persons, $20.00. 

Hotel Statler, Euclid, E. 12th—Single, $3.00-4.50, 
Double, $5.00-6.50, Twin Bed, $5.00-8.00, Suites 
(4 persons), $10.00-15.00. 

Hotel Carter, Prospect near E. 9th—Single, 
$3.50-4.50, Double, $5.50-6.50, Twin Bed, 
$6.00-7 .00. 

Hotel Hollenden, Superior, E. 6th—Single, $3.50- 
5.50, Double, $5.00-8.00; Twin Bed, $6.00-8.00. 

New Amsterdam, Euclid, E. 22nd—Single, $1.50- 
2.50, Double, $2.00-4.50. 

Hotel Auditorium, Opposite Public Auditorium— 
Single, $2.75-3.00; double, $4.50-5.00. 

Hotel Olmsted; Superior, E. 9th—Single, $3.00, 
Double, $6.00. 


EAST SIDE 


Tudor Arms Hotel, Carnegie, E. 107th—Single, 
$3.50-7.50; Double, $6.00-11.00. 
Fenway Hall, Euclid, E. 107th—Single, $3.50; 

Double, $6.00. 

Wade Park Manor, Park Lane, E. 107th—Single, 
$3.00-4.50; Double, $5.00-6.50. 

All of the downtown hotels are within easy 
walking distance of each other. The walk between 
the two headquarters hotels can be made easily in 
ten minutes; however, there are convenient, 
frequent and cheap street car and taxi services 
between the hotels. It will facilitate accommoda- 
tion of the maximum number of registrants if as 
many persons as possible will double up in making 
room reservations. 

DEMONSTRATIONS AND MOTION PICTURES. (a) 
Static Demonstrations. Due to difficulties of trans- 
portation and of making suitable arrangements 


during wartime, the static demonstrations will be 
omitted this year. 

(b) Motion Picture Demonstrations will be shown 
at the Hotel Statler. Each motion picture will be 
shown several times during the sessions by an 
operator provided by the Local Committee, 
according to the schedule to be announced by the 
Local Committee. Demonstrators may explain 
their motion pictures or provide mimeographed 
sheets in explanation, if needed. 

Only 16 mm. film can be shown; films that do not 
conform to the usual underwriter’s conditions for 
home exhibition cannot be shown. Motion pictures 
cannot be shown at scientific sessions and only those 
officially announced in the program will be run. 

The Secretary of the Local Committee must be 
notified as to the titie, authorship, time of run, 
and size of reel, before March 15, 1945. 


CLEVELAND LOCAL COMMITTEE 


General Chairman: C. J. Wiggers. 

Sub-committee Chairmen: H. Goldblatt (Recep- 
tion, Registration, Information, Hotels); J. P. 
Quigley (Meeting Places); A. D. Welch (Public 
Information). 

Secretary: H. D. Green. 

Treasurer: A. Sidney Harris. 

General Committee: Torald Sollmann, H. T. 
Karsner, V. C. Myers, C. J. Wiggers. 

Sub-commitiees: Reception, Registration, etc.: 
H. Goldblatt, A. H. Free, E. E. Ecker, H. Chase, 
J. W. Price, J. R. Leonards, D. F. Opdyke, L. 
Peters, I. H. Page. Meeting Places, étc.: J. P. 
Quigley, A. S. Harris, R. I. Dorfman, J. W. Mull, 
R. Dominguez, R. L. Thompson, E. E. Selkurt, 
E. B. Bueding, C. A. Kuether, A. C. Corcoran. 

To avoid confusion, address all inquiries to the 
Secretary of the Local Committee, Dr. Harold D. 
Green, Dept. of Physiology, School of Medicine, 
Western Reserve University, Cleveland 6, Ohio. 
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THE HARVARD APPARATUS COMPANY, THE AMERICAN JOURNAL OF: 
PHYSIOLOGY, AND DR. W. T. PORTER 


The undersigned, having on the request of W. T. 
Porter assumed the guidance of the Harvard Ap- 
paratus Company, wish to place on record Dr. 
Porter’s unique services to Science. Some forty- 
five years ago, when there was scant if any labora- 
tory teaching of physiology in our colleges and 
universities outside the medical schools, and 
laboratory teaching of physiology in medical 
schools was just emerging, Dr. Porter saw the 
probable importance of rendering available to our 
colleges, universities and medical schools good 
standard apparatus at the lowest possible cost for 


the laboratory teaching of physiology. Dr. Porter 
started the Harvard Apparatus Company as 4 
private corporation, partly on borrowed funds. 
This business has been conducted by Dr. Porter 
in the public interest, and without commercial 
profit. When there was a modest annual surplus, 
this was used: (a) to improve production equip- 
ment, (b) to provide a pension fund for the Com 
pany’s employees, and (c) to finance the W. T. 
Porter Research Fellowship in Physiology, 24- 
ministered by the Council of the American Physi- 
ological Society. We intend to continue thes 
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policies. The research fellowship was started by 
Dr. Porter in 1920, and to date the Harvard Ap- 
paratus Company has paid to the American 
Physiological Society approximately $28,000 for 
this Fellowship Fund. So far this annual fellowship 
has been awarded to qualified young investigators 
working in well equipped laboratories in the 
United States and in Canada. We feel sure that the 
Council of the American Physiological Society 
will give due consideration to applications from 
qualified young investigators working in well 
equipped laboratories in other countries. 

In 1929 Dr. Porter offered the Harvard Ap- 
paratus Company as a free gift to the American 
Physiological Society. The Society did not con- 
sider it feasible to undertake the management of 
the Company. But the Council of the Society at 
that time said: ‘‘There is no one agency, during 
recent years, which has contributed more to the 
sound teaching in experimental physiology in this 
country than has the Harvard Apparatus Com- 
pany.’? 

In 1934 the Harvard Apparatus Company was 
reorganized as a non-profit corporation under the 
laws of the State of Massachusetts “‘for the pro- 
motion of teaching and research in physiology and 
its allied sciences.’’ Dr. Porter gave to this cor- 
poration all property owned by the private 
Harvard Apparatus Company corporation. Dr. 
Porter has received no salary for his services to 
the corporation. We intend to follow Dr. Porter’s 
example, with (we hope) some of Dr. Porter’s 
tficiency and vision. In recent years the services 
to the sciences of functional biology rendered by 
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Dr. Porter within our own borders have been 
extended to many other countries. The services of 
the Company can be further extended to the 
liberal arts colleges, junior colleges, and high 
schools where experimental physiology has not yet 
been introduced as an element of a liberal educa- 
tion, a foward step in the education of tomorrow, 
probably in the cards. 

Forty-six years ago Dr. W. T. Porter founded 
The American Journal of Physiology (for the 
publication of research), and for 16 years he 
carried the entire financial responsibility and 
editorial burden for the first 33 volumes, that is, 
until 1914, when Dr. Porter presented this Journal 
(including back volumes in stock) as a gift to the 
American Physiological Society: 

These are significant services to science and to 
our fellow men. They call for more than a passing 
note, as they echo and amplify the voice of the 
English chemist, James Smithson of a hundred 
years ago, whose vision of science, whose faith in 
man, and whose material wealth established the 
Smithsonian Institution of Washington, ‘‘for the 
increase and diffusion of knowledge among men.’ 

A. J. Cartson, Chairman 
University of Chicago 
Puitie Barp 
Johns Hopkins University 
Wa tTeR E. GARREY 
Vanderbilt University 
F. W. WeyrmoutH 
Stanford University 
Maurice B. VisscHER 
University of Minnesota 
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RENEWED ANTIVIVISECTION THREAT 


A Report BY THE COMMITTEE ON DEFENSE OF BIOLOGICAL RESEARCH 


G. H. Wurppie, Acting Chairman, A. B. LuckHarpt anp C. I. Rzep, Secretary 


For many years it has been the policy of the 
experimental biologists to give cognizance to the 
existence of the antivivisectionists’ activities only 
When they have constituted overt legislative 
threats to the freedom of scientific research. 

The relative ease and speed with which these 
attacks have been disposed of in most instances 
has tended to minimize the potentially serious 
lature of the antivivisection movement. 

When one considers the cost in energy and 
honey involved in defeating the proposed Humane 
Pound Law in California in 1987, and in the almost 
‘ontinuous legislative battles in Chicago extend- 
ig over a period of nearly twenty years, one 

omes impressed with the possibility that what 
happened in England and in some sections of 


this country may be extended to the country as a 
whole. 

The Committee on Defense of Biological Re- 
search was appointed by the Executive Committee 
of the Federation. This Committee has been given 
no mandatory powers, nor any specific instruc- 
tions. At first, there were no funds available for 
its use, but later the Physiological Society agreed 
that the Committee could draw on its Treasury to 
the extent of $250.00 annually. Actually, the draft 
has never exceeded $50.00 in any one year, and has 
usually been much less. 

The first Chairman of the Committee, Dr. Elliott 
C. Cutler, now on leave with the overseas forces, 
has served also as Chairman of a similar but some- 
what larger committee of the American Medical 
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Association. No distinction can be made in the work 
of these two groups as the Chairman has called upon 
the membership and the available facilities of both, 
as circumstances have indicated. The personnel 
of both groups has functioned in close co-operation 
with the Bureau of Health Education and the 
Bureau of Legal Medicine of the American Medical 
Association, which has rendered indispensable 
service as a legal adviser. 

During the period of existence of the Committee 
on Defense of Biological Research, the combined 
group has participated in some manner in the 
defeat or neutralization of proposed restrictive 
legislation in 33 instances, either in Congress, in 
state legislatures or in various cities. The extent 
of participation has varied in character and im- 
portance. In most instances, its functions have 
been limited to advice on legislative procedure, 
information on sources of campaign literature, 
supplying such literature from existing files of 
reprints and pamphlets and writing special ma- 
terial more suitable for particular occasions. In 
other instances, members of the group, or others 
whose services were especially requested, have 
participated directly as speakers or consultants in 
local activities. In a few cases assistance has been 
rendered in securing funds to be used by our 
colleagues in local campaigns. In two instances 
restrictive bills were introduced somewhat sur- 
reptitiously into state legislatures without having 
been discovered by the experimentalists residing 
in those states. In one of these cases the bill was 
never called for a hearing. In the other it was 
withdrawn by the proponent. In both instances 
Committee activity was a decisive factor. 

Sometimes, local groups have desired to work 
independently. And it is impossible for the Com- 
mittee to function importantly where strong local 
organizations exist, such as the Illinois Society 
for the Protection of Medical Research or the 
corresponding organization in California. On the 
other hand, local groups never previously involved 
in such a fight, and therefore not organized in 
advance or prepared by experience, have profited 
greatly from the assistance the Committee was 
able to render. Full credit is extended to each 
person, whether a member of either Committee, or 
a local resident who has co-operated by supplying 
information about influential factors which might 
be utilized, or in some other decisive manner. It 
is impossible to give a comparative evaluation of 
the work of individuals. It can only be stated that 
they have co-operated in the total efforts and that 
the results of those efforts have been, in general, 
favorable to the continued pursuit of research. 

But all of this activity has been of a purely 
defensive nature. Furthermore, there does not 
exist anywhere in the world any provision actually 
legalizing experimental investigations on living 


subjects, except the state law in Nebraska which 
legalizes work on animals but does not provide any 
authorization for securing them. While there are 
ordinances in many cities permitting the use of 
impounded dogs for experimental purposes, even 
these do not legalize the experimental procedures. 

When the situation in California became s0 
acute in 1937, Dr. Cutler took the stand that the 
traditional defensive attitude should be aban- 
doned in favor of aggressive positive action. 
Accordingly, he directed that a model law should 
be drafted which would, after the manner of the 
Anatomical Materials Acts in force in all states 
where medical schools exist, remove this problem 
from local control, and make mandatory the 
surrender of unclaimed material available in any 
city in the state. Such a model law was prepared 
and has been examined and revised by several 
groups of legal advisers until it appears to be 
adaptable to any situation, national, state or 
urban. Plans were well under way to introduce it 
into Congress in 1941, but the war intervened. 
Previously, efforts had been made to have the bill 
put through in California and Wisconsin, but local 
groups felt it inadvisable to undertake the project 
because of the probable magnitude of the cost. 
However, the model is still available to anyone 
desiring to use it. 

The use of impounded dogs is legalized by 
ordinance in Chicago, St. Louis, Louisville, 
Detroit, Dallas, Houston, Galveston and possibly 
a few other places. But even this does not insure 
that the animals will be available, nor does it 
insure that a researcher will not be prosecuted 
under other existing legislation. 

This total situation renders the position of the 
experimental biologists especially vulnerable. In 
a recent hearing before the Chicago City Council 
the above cities were referred to in such highly 
uncomplimentary terms that it was necessary to 
refute the argument by pointing out that in other 
cities where legal provisions have not been made 
for the use of locally impounded dogs, it has been 
necessary to secure dogs at greater cost from other 
sources of supply. Where dogs have been secured 
from contract dealers, there can be no assurance 
that the latter are legally entitled to sell them. 

Numerous attempts have been made to have 
legislation adopted in Congress which would not 
only prevent the use of dogs in the medical schools 
in the District of Columbia and in all federal 
institutions wherever located, but some of the 
measures would have prohibited all experimental 
work on all sub-human forms of life. The latter 
objective we know to be the avowed ultimate gol 
of all antivivisectionist activity. After the dis 
astrous attempt on the part of the Nations 
Antivivisection Society in 1929 to have adopted by 
the legislature of Illinois a bill of such extreme 
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nature, the Courtney bill, the strategy of all 
organizations furthering antivivisection measures 
has been to confine all immediate efforts to re- 
stricting or abolishing the use of dogs. However, 
a perusal of bulletins of the various antivivisec- 
tionist groups reveals that the original purpose, 
first announced nearly a century ago, has never 
been abandoned. Once they have accomplished the 
prohibition of the use of dogs, they will, by a 
process of attrition, secure prohibition of the use 
of other species, one by one. 

The antivivisectionists have the advantage that 
they can and do operate on a national scale, with 
the support of huge endowments and with full time 
executives. We experimental biologists have no 
agency through which we can carry on a sustained 
educational program on a national scale. Only 
when extreme emergencies arise do we devote time 
and energy to our own group interests, and then 
only at the expense of our official duties and often 
with only casual support and little encouragement 
from administrative officers of the educational 
institutions supporting scientific research and 
profiting by the results thereof. 

Furthermore, the national antivivisectionists’ 
organizations participate actively in all local 
legislative efforts, whereas the experimental 
biologists have no national agency representing 
all branches of their efforts and are not equipped 
to participate in local activities to any greater 
extent than has already been indicated. Some 
local groups have even resented and resisted any 
effort on our part to assist them. Unfortunately, 
many local groups seem to be indifferent to restric- 
tions and misfortunes befalling other local groups. 

It is true that some well organized local groups, 
sich as the Chicago Scientific Association, are 
better able to cope with a purely local situation 
than any existing national agency. It is equally 
true, however, that any such group can profit 
greatly by being able to cite active support from 
any such national agency or from other isolated 
groups. This fact, therefore, does not argue against 
4 national educational program designed to ac- 
quaint an enlightened citizenry with accomplish- 
ments in health conservation through animal 
experimentation and to emphasize the importance 
of freedom of scientific research. It is being sug- 
gested to writers of scientific articles for lay 
publications that in all releases of scientific infor- 
mation some emphasis should be given to the place 
of animal experiments in the development of new 
information. 

Neither the lay voters nor the legislators are yet 
fully aware of the indispensability of animals for 
the advances which have been made or are to be 
ade. The latter group are particularly naive in 
filing to comprehend the seriousness of their 
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casual support of measures ingeniously disguised 
as humane legislation. 

On January 6, 1943, Representative Burdick 
introduced into the lower House of Congress a 
frank antivivisection bill which provides absurdly 
drastic penalties for trivial violation. A companion 
bill was introduced by Senator Langer into the 
Senate on January 18th. Immediately, through the 
agency of our Committee, the North Dakota Medi- 
cal Association was activated to take cognizance. 
As a result, the measure has remained im- 
mobilized. Several agencies are carefully examin- 
ing any activity presaging revival of interest in 
this measure by its proponents. 4 

It is certain that any type of proposed antivi- 
visection legislation can be defeated in Congress or 
in local communities where medical schools and 
research institutes exist, provided the local 
biologists and physicians present a strong opposi- 
tion. However, in certain states where such 
opposition is difficult to marshal the Antivivisec- 
tionists could be successful. Their success in a 
number of such states would obviously help their 
cause considerably. Their cause is now abetted 
by the fact that in many cities they are able to 
obtain and to destroy all unclaimed stray animals. 

The fact that thousands of cats and dogs are 
destroyed by antivivisectionists, when they could 
be used for research and teaching and when they 
have to be secured by other means in most cities, 
should constitute a moral challenge to experimen- 
tal biologists. If our work is important for public 
welfare, why should we and an informed public 
permit the animals to be wantonly destroyed, and 
why should we be hampered in our work by lack of 
research material? Are the Antivivisectionists, 
8.P.C.A. and similar organizations so well en- 
trenched in some of our cities that unclaimed 
animals cannot be secured for teaching and 
research? 

These questions have been asked to provoke 
thought and to indicate the problems involved if 
animal experimentation is to be elevated to the 
point where it is legalized or regarded by com- 
munities as sufficiently important to warrant the 
utilization of unclaimed impounded animals. 

Your Committee feels that to some extent it has 
been able to assist in antivivisection campaigns. 
However, it feels that it has not contributed and 
is not in a position to contribute as much as the 
issue requires. 

In conclusion, the Committee’ believes it is 
appropriate to inquire whether its existence is 
justified by those activities which it is able to 
conduct, namely, to use the name of the Federa- 
tion in support of animal experimentation in local 
antivivisection campaigns and to supply literature 
and advice when it is requested by local groups of 
biologists. It is hoped that concrete suggestions 
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as to other methods of procedure may be presented 
at the next meeting of the Federation. Meantime, 
attention is called to the plan now under con- 
sideration by the Association of American Medical 
Colleges for the establishment of a full time bureau 
to take over the functions of the Committee of the 
Federation and of the American Medical Associa- 
tion, and to enlarge support by bringing in other 
agencies and mechanisms not now integrated. 
No organization can accomplish much aggressive 
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action or even hold off encroachments without 
the enthusiastic support, not only of the constit- 
uent societies in the Federation, but of all of the 
medical organizations, the dental _and pharma- 
ceutical groups, nutritionists, the American 


Association for the Advancement of Science and 
the food industries. With such support, a central 
agency such as has been proposed, could be much 
more effective and could do much to safe-guard 
biological research. 
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St. Louis, Dec. 27-30, 1914 


G. Lusk, Chairman, and P. A. SHarrer, Secre- 
tary, The Biochemical Society. T. Souuman and 
J. Aver, The Pharmacological Society. R. M. 
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Society. W. B. Cannon and A. J. CarRuson, The 
Physiological Society. 


Boston, Dec. 26-29, 1915 


ToRALD SOLLMANN, Chairman, and JOHN AUER, 
Secretary, The Pharmacological Society. Txo- 
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Novy and Wapge H. Brown, The Pathological 
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logical Society. 
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KrumBHaar, Secretary, The Pathological Society. 
A. J. Cantson and Water J. MEEK, The Physio- 
logical Society. P. A. SHarreR and D. Wricur 
Wuson, The Biochemical Society. Joun AUER 
and E. D. Brown, The Pharmacological Society. 


Cleveland, Dec. 28-30, 1925 


A.J. CaRLson, Chairman, and WALTER J. MEEK, 
Secretary; The Physiological Society. H. C. SHEr- 
“MAN and D. Wriaut Wriison, The Biochemical 
Society. Joun Aver and E. D. Brown, The Phar- 
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macological Society. Gzorce H. Wurpp_e and E. 
B. Krumspuaar, The Pathological Society. 


Rochester, N. Y., April 14-16, 1927 


E. C. Kenpautu, Chairman, and F. C. Kocu, 
Secretary, The Biochemical Society. Joun AUER 
and E. D. Brown, The Pharmacological Society. 
W. H. Brown and E. B. Krumspnaar, The Patho- 
logical Society. J. ERLANGER and W. J. Meex, The 
Physiological Society. 


Ann Arbor, April 12-14, 1928 


Car. VoreTiin, Chairman, and E. D. Brown, 
Secretary, The Pharmacological Society. Davip 
Marine and Cart V. We.ttER, The Pathological 
Society. JosepH ERLANGER and WatTER J. MEEK, 
The Physiological Society. E. V. McCotuum and 
D. Wricut Witson, The Biochemical Society. 


Boston, Aug. 19-24, 1929 


(The XIIIth International 
Physiological Congress) 


Epwarp B. Krumsaaar, Chairman, and Cart 
V..WELLER, Secretary, The Pathological Society. 
JosEPH ERLANGER and WALTER J. MEEK, The 
Physiological Society. E. V. McCotium and D. 
Wricut Wixson, The Biochemical Society. Cari 
VoEeTLIN and E. D. Brown, The Pharmacological 
Society. 


Chicago, March 26-29, 1930 


Water J. Meek, Chairman, and Autrrep C. 
REDFIELD, Secretary, The Physiological Society. 
W. R. Bioor, and Howarp B. Lewis, The Bio- 
chemical Society. Cart VoraTiin and E. D. 
Brown, The Pharmacological Society. WILLIAM 
F. Perersen and Cari V. WELLER, The Patho- 
logical Society. 


Montreal, April 8-11, 1931 


W. R. Buioor, Chairman, and H. B. Lewis, 
Secretary, The Biochemical Society. Grorce B. 
Watuace and E. D. Brown, The Pharmacological 
Society. Freperick L. Gates and C. PxHILurp 
Miutuer, The Pathological Society. Watrer J. 
MeErx and Arno B, Lucxnarpt, The Physiological 
Society. 


Philadelphia, April 27-30, 1932 


GeorcE B. Wat.ace, Chairman, and V. E. Hen- 
DERSON, Secretary, The Pharmacological Society. 
SaMvuEL R. Haytuorn and C. Pxitirp MILuer, 
The Pathological Society. WALTER J. MEEK and 
Arno B. Lucxuarpt, The Physiological Society. 
H. C. Brapipy and Howarp B. Lewis, The Bio- 
chemical Society. 
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Cincinnati, April 10-12, 1933 


Peyton Rous, Chairman, and C. Pai.ip MIL- 
LER, Secretary, The Pathological Society. Arno 
B. Lucknarpt and Frank C. Mann, The Physio- 
logical Society. H. C. Braptey and Howarp B. 
Lewis, The Biochemical Society. Wm. pEB. Mac- 
Niwer and V. E. Henperson, The Pharmacologi- 
cal Society. 


New York, March 28-31, 1934 


Arno B. LuckHarpt, Chairman, Frank C. 
Mann, Secretary, and ALEXANDER Forsss, T'reas- 
urer, The Physiological Society. W. M. CuarKx 
and H. A. Marttitt, The Biochemical Society. 
W. pEB. MacNiper and V. E. Henperson, The 
Pharmacological Society. Cart V. WELLER and 
C. Puiturp Mitier, The Pathological Society. 


Detroit, April 10-13, 1935 


W. M. Crarx, Chairman, H. A. Matri11, Secre- 
tary, and C. H. Fiske, Treasurer, the Biochem- 
ical Society. CHartes W. GREENE and FRANK 
C. Mann, The Physiological Society. R. A. 
Hatcuer and E. M. K. Geriinc, The Pharmaco- 
logical Society. S. Burt Woxisacu and SHIELDS 
Warren, The Pathological Society. 


Washington, March 25-28, 1936 


V. E. Henperson, Chairman, E. M. K. Ger.ine, 
Secretary, and C. M. Gruser, Treasurer, The 
Pharmacological Society. Frank C. Mann and 
AnpreEw C. Ivy, The Physiological Society. H. 
B. Lewis and H. A. Marrityi, The Biochemical 
Society. Oskar Kiotz and Saretps WaRREN, 
The Pathological Society. 


Memphis, April 21-24, 1937 


ALPHONSE R. Docuez, Chairman, and SHIELDS 
WarkrREN, The Pathological Society. Frank C. 
Mann and Anprew C. Ivy, The Physiological 
Society. Howarp B. Lewis and H. A. Marriuu, 
The Biochemical Society. V. E. HENDERSON and 
E. M. K. Gemirne, The Pharmacological Society. 
D. R. Hooxer, Secretary. 


Baltimore, March 30-April 2, 1938 


Witu1am T. Porter, Honorary President; 
Water E. Garrey, Chairman, and ANDREW C. 
Ivy, The Physiological Society. GLenn E. Cut- 
LEN and H. A. Marriiu, The Biochemical Society. 
Artuur L. Tatum and G. Puiitrp GRABFIELD, The 
Pharmacological Society. C. Pa1titrp MILLER and 
Paut R. Cannon, The Pathological Society. D. 
R. Hooker, Secretary. 


FEDERATION PROCEEDINGS 





Toronto, April 26-29, 1939 


Guenn E. Cuuien, Chairman, and CHaRr.Es ( 
Kine, The Biochemical Society. ArrHur lf, 
Tatum and G. Puitip GraBFIELD, The Pharmaci ( 
logical Society. C. Paiturp MiLurer and Paut } 
Cannon, The Pathological Society. WALTER 1 si 








Garrey and AnprEw C. Ivy, The Physiologi 
Society. D. R. Hooxer, Secretary. 
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New Orleans, March 13-16, 1940 


Chicago, April 15-19, 1941 


SHreELps WARREN, Chairman, and H. P. Samiti 
The Pathological Society. THorne M. Carpentt 
and L. A. Maynarp, The Institute of Nutrition 
AnprEw C. Ivy and, Pai.ip Barp, The Physiologi 
cal Society. Wrtt1am C. Rose and CHARLES 
Kine, The Biochemical Society. E. M. K. Gerin¢ 
and G. Puitip GraBFIiELD, The Pharmacologica 
Society. D. R. Hooker, Secretary. 












Boston, March 31, April 1, 2, 3, 4, 1942 


Ausert G. Hogan, Chairman, and Artuur H 
SmitH, The Institute of Nutrition. Pariip Bazi 
and Cart J. Wiacers, The Physiological Society 
Rupoutes J. ANDERSON and ARNOLD K. Batis 
The Biochemical Society. E. M. K. Greriine and 
R. N. Breter, The Pharmacological Society. 
Jesse L. Boutuman and H. P. Smrru, The Patho 
logical Society. SHreLps WARREN, Ex-Chairman 
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Pui.ip Barb, Chairman, and WauuAcE O, FENN 
The Physiological Society. E. A. Dorsy and 
Arnotp K. Batts, The Biochemical Society. F. 
K. MarsHALL, Jr. and Raymonp N. Bieter, The 
Pharmacological Society. Batpurn Lucké and 
H. P. Smitu, The Pathological Society. Leona) 
A. Maynarp and Arruur H. Smita, The Institut 
of Nutrition. Jacques J. BRONFENBRENNER al¢ 
Artnur F. Coca, The Association of Immuno 
ogists. 
































BY-LAWS 


LES | 
UR Kopted at the Washington Meeting, 1986 and 





TMA Ct amended at the Boston Meeting, 1942 

AUL J 

rer ff. The Presidents and Secretaries of the Con- 
logi ituent Societies, the Chairman of the Executive 


pmmittee of the preceding year and the Federa- 
on Secretary shall form the Executive Com- 
ittee of the Federation. 

2. The Chairmanship of the Executive Com- 
Patuifittee shall be held in turn by the Presidents of 
‘RNESe Constituent Societies, who shall succeed one 
nother annually in the order of seniority of the 
PHILIBpcieties. 

AM “3. The Executive Committee shall appoint 
PMicMnually from the membership of the Federation 
secretary-treasurer, to be known as the Federa- 
on Secretary. 

4. The Federation Secretary shall: (a) Keep 
JmiTH@e Minutes of the Executive Committee and dis- 


a 
~ 






















entTrmibute copies to the Secretaries of the Constituent’ 


ocieties. (b) Make arrangements for the Annual 
feeting with the Local Committee, with the ap- 
roval of the Executive Committee. (c) Print in 
mvenient combined form and distribute tothe 
tembership of the Federation the programs of the 
onstituent Societies as received from their re- 
pective Secretaries. (d) Undertake such other 
uties, to be decided upon from time to time by 
he Executive Committee, as do not conflict with 
he complete autonomy of the Constituent 
“Bocieties. 

5. The Executive Committee shall control all 
honies in the hands of the Federation Secretary, 
ho shall make an annual report to the Executive 
ommittee for audit and approval. The expenses 
M the Federation Secretary, as authorized by the 
ecutive Committee, shall be the first charge 
m such monies and if insufficient for the 
burpose the Executive Committee shall prorate 
ch expenses to the Constituent Societies of the 
ederation in proportion to their respective mem- 
erships. 

The Executive Committee may appropriate 
ederation monies annually for the uses of Local 
ommittees and for the uses of other authorized 
mmittees but in the latter cases an audit of 
penditures shall be made and approved before 
uch committees are discharged. 

6. The Executive Committee shall determine 
he place of the Annual Meeting, and the time shall 
b determined by the Local Committee, preferably 
ithin the period of March fifteenth to May first. 
7. The local Committee at the place of meeting 
ifthe Federation shall charge such fee for registra- 
lion as may be approved by the Executive Com- 
hittee. The monies thus collected shall be used 
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to defray the expenses of the Local Committee 
and the remainder, after such expenses have been 
met, shall be turned over to the Federation Sec- 
retary. 

8. The Executive Committee shall consider 
measures of advantage to the Federation as a 
whole. Any Constituent Society may refer simi- 
lar measures to the Executive Committee. No 
action, however, shall be taken by the Executive 
Committee unless specifically authorized by all 
the Constituent Societies. 

9. The Chairman of the Executive Committee 
may appoint committees when the purposes of 
such committees have been approved by all the 
Constituent Societies of the Federation. Such 
committees shall be appointed for a term of one 
year, but may be continued and their members 
reappointed. Such committees shail report in 
writing to the Executive Committee, which shall 
in turn report thereon to the Constituent Societies 
either for information or recommendation. The 
Secretaries of the Constituent Societies shall 
report the recommendations of their respective 
Societies to the Executive Committee for final 
action. 

10. All individuals whose names appear on the 
program by invitation or introduction and those 
registering from any recognized biological labora- 
tory may be enrolled as Associate Members of the 
Federation for that Annual Meeting. Such Asso- 
ciate Members may enjoy all the privileges of the 
Annual Meeting except that of voting. 

11. No person may present orally more than one 
paper during all of the scientific sessions of the 
Constituent Societies at the time of the Annual 
Meeting except upon invitation of the Executive 
Committee or a Council. Papers must be sub- 
mitted to the Secretary of the Society of which the 
proposer is a member. The proposer may request 
transfer to another program, but this may only 
be done with the consent of the Secretary of the 
Society concerned. Any Secretary who regards any 
paper submitted to him as better suited to the 
program of another Society may arrange this 
transfer with the Secretary of the Society con- 
cerned, if it be possible. Such transfer shall be 
indicated on the program. 

12. Abstracts not to exceed two hundred and 
fifty words in length, of papers approved for 
presentation at all of the scientific sessions of all 
the Constituent Societies at the Annual Meeting, 
shall receive publication in the Federation Pro- 
ceedings. 

13. A Control Committee, consisting of at least 
one representative of each Constituent Society as 
designated by the several Councils, shall have 
editorial control over the Federation Proceedings 
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which shall be financed as required by an annual 
assessment of all the members of each Constituent 
Society. 

14. The Control Committee shall have power to 
choose certain additional papers presented at 
the Annual Meetings and from other sources, in- 
cluding material heretofore published in the 
Federation Yearbook, for publication in the 
Federation Proceedings. 


PLACEMENT SERVICE 


The Federation maintains a service to act as a 
medium of communication between persons seek- 


FEDERATION PROCEEDINGS 


ing positions for teaching or research and institu: @ 
tions that wish to fill vacancies in these sciences, 

The service does not undertake to recommend 
or to pass’ judgment upon applicants. It aims 
merely to serve as a clearing-house for such infor- 
mation as above stated and to bring into touch 
with one another candidates for positions and 
vacancies to be filled. , 

Persons, whether members of the Federation or 
not, and institutions desiring to avail themselves 
of the service, may receive such information as is 
available without cost to the applicant. 

All communications should be addressed to Dr. 
H. B. Lewis, Director, University of Michigan, 
Ann Arbor, Mich. 
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THE AMERICAN PHYSIOLOGICAL SOCIETY 
Founded December 30, 1887; Incorporated June 2, 1928 


OFFICERS ELECTED 1942 


President—Pui.ip Barb, Johns Hopkins School 
of Medicine, Baltimore, Md. 

Secretary—Watutace O. Fenn, University of 
Rochester, School of Medicine and Dentistry, 
Rochester, N. Y. 

Treasurer—HALLOWELL Davis, Harvard Uni- 
versity School of Medicine, Boston, Mass. 

Council—Puitip Barp, Watiace O. FEnNn, 
HatLowE tu Davis, CHar.es H. Best, University 
of Toronto, Canada, Maurice B. Visscurr, Uni- 
versity of Minnesota, Minneapolis, Hiram E. 
Essex, Mayo Foundation, Rochester, Minn., W. 
F. Hamrttron, University of Georgia, Augusta. 

Board of Publication Trustees—Wauter J. 
MEEK, Chairman (1942-45), ANprEw C. Ivy (1943- 
46), Homer W. Smitu (1944-47). 

Representative on the Division of Biology and 
Agriculture of the National Research Council— 
McKeen Cattrety (1936-1945). 

Representative on the Division of Medical Sciences 
of the National Research Council—H. C. Bazerr 
(1944-1947). 

Representative on the Executive Committee of the 
Union of American Biological Societies—A. J. 
CaRLSON with C. J. WicGcErs as alternate. 

Representative on the Council of the American 
Association for the Advancement of Science—C. J. 
WicceErs with A. Sipney Harris as alternate. 

Historian—WautTeR J. MEEK. 


PAST OFFICERS 


Organization Meeting, December 30, 1887 
S. Werr MitcHe.., President 
H. N. Martin, Secretary 
1888 H. P. Bownrtcu, President; H. N. Martin, 
Secretary-Treasurer; J. G. Curtis, H. C. Woop, 
H. Sewatt, Councilors. 1889S. Werr MitcHe.., 


President; H. N. Martin, Secretary-Treasurer; 
H. P. Bownitcn, J. G. Curtis, H. C. Woops, 
Councilors. 1890 S. Werr MitcHeE.u, President; 
H. N. Martin, Secretary-Treasurer; H. P. Bow- 
pitcu, J. G. Curtis, H. H. Donatpson, Counci- 
lors. 1891 H. P. Bownprrcn, President; H. N. 
Martin, Secretary-Treasurer; R. H. Co1rrenpen, 
J. G. Curtis, H. N. Donautpson, Councilors. 
1892 H. P. Bown1tcu, President; H. N. Marty, 
Secretary-Treasurer; R. H. Currrenpen, J. G. 
Curtis, W. H. Howe1u, Councilors. 1893 H. P. 
Bownrtcu, President; W. P. LomBarp, Secretary- 
Treasurer; R. H. Cuirrenpren, J. G. Curtis, 
W. H. Howe tt, Councilors. 1894 H. P. Bow- 
pitcH, President; W. P. LomBarp, Secretary- 
Treasurer; R. H. Cuitrenpen, W. H. Howe, 
J.W.WarreEN, Councilors. 1895 H. P. BowpitTc#, 
President; F. 8. Lez, Secretary-Treasurer; R. H. 
CHITTENDEN, W. H. Howetu, W. P. Lomsap), 
Councilors. 1896 R. H. CurtrenpeEN, President; 
F. 8. Lenz, Secretary-Treasurer; H. P. Bowpitc#, 
W. H. Howe tu, J. W. Warren, Councilors. 1897 
R. H. Curtrenpen, President; F. 8. Leg, Secre- 
tary-Treasurer; H. P. Bowprtcu, W. H. Hows, 
W.P.Lomsparp, Councilors. 1898 R.H.Cxitrey- 
DEN, President; F. S. Lez, Secretary-Treasurer; 
H. P. Bowpitcu, W. H. Howe 1, W. P. Lomb), 
Councilors. 1899 R. H. Currrenpen, President; 
F. S. Lez, Secretary-Treasurer; W. H. Howell, 
W. P. Lomsarp, W. T. Porter, Councilors. 1% 
R. H. Cuitrenven, President; F. S. Lez, Secre- 
tary-Treasurer; W. H. Howe, W. P. LomBak) 
W. T. Porter, Councilors. 1901 R. H. CuitTex 
DEN, President; F. 8S. Lex, Secretary-Treasurel; 
W. H. Howettz, W. P. Lomsparp, W. T. Ports, 
Councilors. 1902 R. H. Currrenpen, President 
F. 8. Lez, Secretary-Treasurer; W. H. Howeth 
W. P. Lomparp, W. T. Porter, Councilors. 

R. H. Currrenpen, President; F. 8S. Ln, Secr 
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-@ tary-Treasurer; W. H. Howe, W. P. Lomparp, 


W. T. Porter, Councilors. 1904 R. H. Cairren- 
pEN, President; W. T. Porter, Secretary- 
Treasurer; F. S. Lez, W. P. LomsBarp, W. H. 
Howeut, Councilors. 19095 W. H. Howe t, 
President; L. B. Menpgu, Secretary; W. B. 
CaNNON, Treasurer; R. H. Currrenpen, S. J. 
Me.rzer, Councilors. 1906 W. H. Howe.t, 
President; L. B. Menpegt, Secretary; W. B. Can- 
non, Treasurer; A. B. Macauuium, S. J. MELrTzer, 
Councilors. 19097 W. H. Howe .., President; 
L. B. MenpeEt, Secretary; W. B. Cannon, Treas- 
urer; J. J. Abe, G. Lusk, Councilors. 1908 W. 
H. Howe.t, President; R. Hunt, Secretary; 
W. B. Cannon, Treasurer; J. J. Abe, G. Lusk, 
Councilors. 1999 W. H. Howe.t, President; 
R. Hunt, Secretary; W. B. Cannon, Treasurer; 


A. J. Cartson, W. P. Lomsarp, Councilors.’ 


1910 W. H. Howe t, President; A. J. CarRLson, 
Secretary; W. B. Cannon, Treasurer; J. Er- 
LANGER, F. 8. Lez, Councilors. 1911S. J. Meur- 
zpR, President; A. J. Carson, Secretary; W. B. 
Cannon, Treasurer; J. Ertancer, F. 8. Lez, 
Councilors. 1912 S. J. Meurzer, President; A. 
J. Canuson, Secretary; W. B. Cannon, Treasurer; 
J. Entaneer, F. S8. Lez, Councilors. 1913 8. J. 
Mettzer, President; A. J. Caruson, Secretary; 
J. ERLANGER, Treasurer; W. B. Cannon, F. S. 
Lez, Councilors. 1914 W. B. Cannon, President; 


A. J. Cartson, Secretary; J. ERLANGER, Treas- 


urer; F. 8S. Lex, 8. J. Metrzer, Councilors. 1915 
W. B. Cannon, President; C. W. Greene, Secre- 
tary; J. ErRLancer, Treasurer; W. E. Garrey, 
W. H. Howe tt, J. J. R. Macteop, W. J. Meex, 
Councilors. 1916 W. B. Cannon, President; C. 
W. GREENE, Secretary; J. ERLANGER, Treasurer; 
W. E. Garrey, W.H. Howe 1, J.J. R.Macteop, 
W. J. Meex, Councilors. 1917 F. S. Lux, Presi- 
dent; C. W. Greene, Secretary; J. ERLANGER, 
Treasurer; W. B. Cannon, W. H. Howe tt, J. J. 
R. Macteop, W. J. Merex, Councilors. 1918 F.S. 
Lez, President; C. W. Greens, Secretary; J. 
ERLANGER, Treasurer; W. B. Cannon, W. H. 
Howe, J. J. R. Macueop, W. J. Meex, Coun- 
tilors. 1919 W. P. LomsBarp, President; C. W. 
Greens, Secretary; J. ERLANGER, Treasurer; 
W.B. Cannon, Y. HenpERSON, J. J. R. Macieop, 
W. J. Meex, Councilors. 1920 W. P. Lomsarp, 
President; C. W. Greens, Secretary; J. Er- 
LANGER, Treasurer; W. B. Cannon, J. J. R. 
Mactzop, Y. Henpzrson, C. J. Wicemrs, Coun- 
tilors. 1921 J. J. R. Macueop, President, C. W. 
Greene, Secretary; J. ERLANGER, Treasurer; J. 
A. E. Eyster, Y. Henperson, C. J. Wiearrs, A. 
J. Cartson, Councilors. 1922 J. J. R. Mac.zop, 
President; C. W. GREENE, Secretary; J. Er- 
LANGER, Treasurer; Y. HenpERsSON, C. J. Wic- 
Gers, A. J. Caruson, J. A. E. Eyster, Coun- 
tilors. 1923 A. J. Carson, President; C. W. 
Greeng, Secretary; J. ERLANGER, Treasurer; 
C.J. Wieeurs, A. B. Luckuarpt, J. A. E. Eystsr, 
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J. R. Muruin, Councilors. 1924 A. J. Carison, 
President; W. J. Merk, Secretary; C. K. Drinker, 
Treasurer; A. B. Luckuarot, J. A. E. Eysrer, 
J. R. Muri, W. E. Garrey, Councilors. 1925 
A. J. Caruson, President; W. J. Meek, Secretary; 
C. K. Drinker, Treasurer; J. A. E. Eyster, J. R. 
Murun, W. E. Garrey,. JosepH ERLANGER, 
Councilors. 1926 J. EruanceER, President; W. J. 
MEEK, Secretary; A. Forses, Treasurer; J. R. 
Mor in, W. E. Garrey, A. B. Luckuarpt, C. J. 
Wiacers, Councilors. 1927 J. ERLANGER, Presi- 
dent; W. J. Meek, Secretary; A. Forses, Treas- 
urer; W. E. Garrey, A. B. Lucknarpt, C. J. 
Wiacers, R. Gesexu, Councilors. 1928 J. Er- 
LANGER, President; W. J. Meex, Secretary; A. 
Forses, Treasurer; A. B. LyckHarpt, C. J. 
Wiacers, R. Gese.u, A. J. Cartson, Councilors. 
1929 W. J. Meek, President; ALFRED C. REDFIELD, 
Secretary; A. Forses, Treasurer; C. J. WicGERs, 
R. Geset, A. J. Caruson, J. R. Murwin, Coun- 
cilors. 1930 W. J. Meek, President; Arno B. 
LucxHarpT, Secretary; A. Forses, Treasurer; 
R. Geseu, A. J. Caruson, J. R. Muruin, E. G. 
Martin, Councilors. 1931 W. J. Meek, Presi- 
dent; Arno B, LuckHarpt, Secretary; ALEXANDER 
Forbes, Treasurer; A. J. Caruson, J. R. Mur.in, 
E. G. Martin, Joun Tait, Councilors. 1932 
Arno B. LuckHarpt, President; Frank C. Mann, 
Secretary; ALEXANDER Forsss, Treasurer; E. G. 
Martin, W. J. Meek, J. R. Muruin, Joun Tarr, 
Councilors. 1933 Arno B. LuckHarpt, President; 
Frank C. Mann, Secretary; ALEXANDER ForBEs, 
Treasurer; HerBert S. Gasser, Ernest G. Mar- 
Tin, W. J. Meek, Jonn Tait, Councilors. 1934 
CHartes W. GREENE, President; Franx C. 
Mann, Secretary; ALEXANDER ForBEs, Treasurer; 
HERBERT S. Gasser, Arno B. Lucknarpt, W. J. 
Meek, Joun Tait, Councilors. 1935 Franx C. 
Mann, President; ANDReEw C. Ivy, Secretary; 
ALEXANDER Forses, Treasurer; CHarites H. 
Brest, Hersert S. Gasser, Arno B. LuckHarprt, 
W. J. Meex, Councilors. 1936 Frank C. Mann, 
President; ANDREW C. Ivy, Secretary; WALLACE 
O. Fenn, Treasurer; CHartes H. Best, Purp 
Barp, Hersert S. Gasser, Arno B. LuckHarpt, 
Councilors. 1937 WatreR E. Garrey, President; 
ANpDREw C. Ivy, Secretary; Wauuace O. Fenn, 
Treasurer; CHartes H. Best, Pare Barp, 
HeErBeErtT 8. Gasser, Arno B. LuckHarpt, Coun- 
cilors. 1938 WitL1am T. Porter, Honorary Pres- 
ident; WatTeR E. Garruy, President; ANDREW 
C. Ivy, Secretary; WatLace O. Fenn, Treasurer; 
Arno B. LuckHarpT, CHArues H. Best, Pariip 
Barp, Hersert S. Gasser, Councilors. 1939 
AnpRreEw C. Ivy, President; Puitip Barp, Secre- 
tary; WatLAcE O. Fenn, Treasurer; Cuartzs H. 
Best, HersBert S. Gasser, Arno B. Luckuarpr, 
Mavrice B. Visscner, Councilors. 1940 ANDREW 
C. Ivy, President; Partie Barp, Secretary; Cari 
J. Wiacrers, Treasurer; Cuartes H. Best, 
Hersert S. Gasser, Arno B. Luckuarpr, 
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Mavrice B. Visscuer, Councilors. 1941 Pxriip 
Barp, President; Cart J. Wiccrers, Secretary; 
HALLowE Lu Davis, Treasurer; CHARLES H. Best, 
Arno B. LuckHarpt, Maurice B. VisscHER, 
Hiram E. Essex, Councilors... 1942, 1943 Purirp 
Barp, President; Watuace O. Fenn, Secretary; 
HAtuowE Lt Davis, Treasurer; CHARLES H. Best, 
Maurice B. Visscuer, Hiram E. Essex, W. F. 
Hamitton, Councilors. 


CONSTITUTION 


I 


1. This Society shall be named ‘“THe AMERICAN 
PHYSIOLOGICAL Society.” 

2. The Society is instituted to promote the 
advance of Physiology and to facilitate personal 
intercourse between American Physiologists. 


II 


1. The Society shall consist of ordinary and of 
honorary members. 

2. Any person who has conducted and published 
original researches in Physiology, and who is a 
resident of North America, shall be eligible for 
election as an ordinary member of the Society. 

3. Distinguished men of science who have con- 
tributed to the advance of Physiology shall be 
elgible for election as honorary members of the 
Society. Honorary members shall pay no member- 
ship fee. They shall have the right of attending 
the meetings of the Society, and of taking part 
in its scientific diseussions, but they shall have no 
vote. 


III 


1. The management of the Society shall be 
vested in a Council consisting of the President, 
Secretary, Treasurer, and four other members to 
be chosen from the ordinary members by ballot 
at each annual meeting. The President, Secretary, 
and Treasurer shall be elected for one year. The 
President shall be subject to only one reélection. 
The four additional members of the Council shall 
be elected for a term of four years, and the term 
of office of one of these councilors shall expire at 
the close of each annual meeting. He or she shall 
not be eligible for reélection for a period of two 
years. 

2. The Council shall have power to fill such va- 
cancies as may occur in its membership or in 
any committee of the Society unless the vacancy 
is produced by a resignation presented at a 
meeting. 


IV 


1. At least a fortnight before the annual meeting 
the Secretary shall send to each member a notice 
of the place and time of each meeting, and shall 
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make such other announcements as the Council 
shall direct. 

2. The annual assessment shall be determined 
by the Council, and shall be due in advance at 
the time of the annual meeting. Beyond the 
ordinary expenditures required by the duties of 
the Secretary and Treasurer, no money of the 
Society shall be disbursed save by authority of the 
Council. 

3. Any member whose assessment is two years 
in arrears shall cease to be a member of the 
Society, unless at the next annual meeting he shall 
be reinstated by special vote of the Society; and 
it shall be the duty of the Treasurer to inform the 
Secretary that he may notify the said delinquent 
of his right to appeal to said meeting. 

4. Any member who has paid the annual assess- 


‘ment for thirty years, or who has attained the age 


of sixty-five years, or who has retired because of 
illness, may be relieved from the payment of the 
annual assessment. 


Vv 


1. The annual meeting of the Society shall be 
held at a time and place determined by the Council 
in consultation with the Executive Committee of 
the Federation of American Societies for Experi- 
mental Biology. 

2. Special meetings may be held at such times 
and places as the Council may determine. 


VI 


1. Proposed changes in the Constitution must be 
sent in writing to the Secretary at least one month 
before the date of the meeting at which they are 
to be considered, and must be signed by at least 
three ordinary members. The Secretary shall send 
a printed copy of any proposed change to each 
ordinary member at least two weeks before the 
next meeting. 

2. If at this meeting two-thirds of the votes cast 
shall favor the proposed change, it shall be made. 

3. At all annual meetings of the Society ten or- 
dinary members shall form a quorum for the 
transaction of business. 


VII 


1. The Council may, from the names of the can- 
didates proposed in writing by at least two 
ordinary members of the Society, nominate 
candidates for election to ordinary membership. 
The names of the candidates so nominated, t0- 
gether with the names of their proposers and 4 
statement of their qualifications for membership, 
shall be posted on a bulletin board at an annual 
meeting of the Society. The candidates may bé 
balloted for at any session of the same meeting, 
and one black ball in eight shall exclude. 

2. Honorary members shall be proposed by thé 
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Council, and shall be elected by ballot of the 
members present at an annual meeting and one 
negative vote in twenty shall exclude. 


VIII 


If a majority of the Council shall decide that 
the interests of the Society require the expulsion 
of a member, the Secretary shall send a notice 
of this decision to each ordinary member at least 
two weeks before the next annual meeting. At 
this meeting the Secretary shall, on behalf of the 
Council, propose the expulsion; and if two-thirds 
of the members present vote for it, the member 
shall be expelled, his assessment for the current 
year shall be returned to him, and he shall cease 
to be a member of the Society. 


IX 


1. The official organs of the Society shall be the 
American Journal of Physiology and such other 
Journals as the Soeiety shall from time to time 
establish. These the Society shall own and manage. 

2. The management of the Journals shall be 
vested in the Council. The Council shall make 
afull report to the Society at each annual meeting 
of the financial condition and the publication 
policy of the Journals. 
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BY-LAWS 


1. All papers read before the Society shall be 
limited to a length of ten minutes. No person may 
orally present more than one paper. In case of 
joint authorship the name of the individual who 
will orally present the paper shall stand first. 

2. Abstracts in duplicate, not to exceed two- 
hundred and fifty words in length, of all papers 
to be presented at the Annual Meeting of the 
Society shall be required by the Secretary for 
publication in the Federation Proceedings, in ac- 
cordance with rules approved by the Council. 

3. The Council may, upon the request of ten 
ordinary members, call a special meeting of the 
Society, at any time and place, for the reading of 
papers and the promotion of personal intercourse. 
Such meetings shall be held in accordance with the 
Constitution and By-Laws of the Society; and if 
the regular officers of the Society are not present, 
the members in attendance shall elect a temporary 
Chairman and Secretary. The latter officer shall 
forward an account of the scientific proceedings 
of the meeting to the offical Secretary of the So- 
ciety for insertion in the minutes; he shall also 
prepare and transmit to the official Secretary 
such abstracts of papers read as may be furnished 
him, and these abstracts shall be published in 
the Federation Proceedings in accordance with 
By-Law 2. 
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THE AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS, INCORPORATED 
Founded December 6, 1906; Incorporated September 12, 1919 


OFFICERS ELECTED 1944 


President—E. A. Doisy, St. Louis University 
School of Medicine, St. Louis 4, Mo. 

Vice-President—A. B. Hastines, Harvard Med- 
ical School, Boston, Mass. 

Secretary—A. K. Bauus, U. S. Bureau of Agri- 
cultural and Industrial Chemistry, Western 
Regional Research Laboratory, Albany 6, Cali- 
fornia. 

Treasurer—W. C. Srapie, Maloney Clinic, 
University of Pennsylvania, Philadelphia, Pa. 

Councilors-at-large—R. J. ANDERSON, Sterling 
laboratory, Yale University, New Haven, Conn.; 
H. T. CLarxe, Columbia University, New York 
City; V. pv Viangaup, Cornell University Medical 
College, New York City 21. 

Nominating Committee—H. B. Lewis, Chair- 
man, W. M. Crark, C. F. Cort, H. A. Marri1t, 
W. C. Ross, E. A. Evans, G. O. Burr, C. L. A. 
Sumipr, J. M. Lucx. 


PAST OFFICERS 


1907 Russet H. Currrenven, President; J. J. 
ABEL, Vice-President; W. J. Gres, Secretary; L. 


B. MENDEL, Treasurer; W. Jones, W. Kocn, J. 
MarsHatt, T. B. Ossporne, Councilors. 1908 
Joun J. ABEL, President; Orro Fouirn, Vice-Pres- 
ident; Wm. J. Gres, Secretary; L. B. MEeNpDEL, 
Treasurer; A. B. Macatium, A. P. MatuHews, 
F. G. Novy, Councilors. 1909 Orro Fo.tn, 
President; T. B. OsBorne, Vice-President; Wm. 
J. Gres, Secretary; L. B. Menpet, Treasurer; 
J. J. Apexi, P. A. Levens, G. Lusk, Councilors. 
1910 Tuomas B. OssBorne, President; L. B. MEn- 
DEL, Vice-President; A. N. Ricnarps, Secretary; 
WALTER JONES, Treasurer; A. B. Matcatium, A. 
P. Martuews, V. C. Vaueuan, Councilors. 1911 
LaFAYETTE B. MENDEL, President; A. B. Macat- 
Lum, Vice-President; A. N. Ricnarps, Secretary; 
Water Jones, Treasurer; Wm. J. Gres, A. 8S. 
LoEvVENHART, P. A. SHarrerR, Councilors. 1912 
ARCHIBALD B. Macauuivum, President; G. Lusx, 
Vice-President; A. N. Ricuarps, Secretary; 
Wa ter Jones, Treasurer; H. P. Armssy, L. B. 
MENDEL, H. G. Wetts, Councilors. 1913 Arcuri- 
BALD B. Macauuum, President; G. Lusk, Vice- 
President; P. A. SHarrer, Secretary; D. D. Van 
Stryke, Treasurer; H. P. Anmssy, L. B. MENDEL, 
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H. G. Wetus, Councilors. 1914 Granam Lusk, 
President; C. L. AtsBerG, Vice-President; P. A. 
SHAFFER, Secretary; D. D. Van Stryke, Treasurer; 
J. J. Apet, A. B. Macauttum, T. B. OsBorne, 
Councilors. 1915 WautTeR Jones, President; C. 
L. AusBeRG, Vice-President; P. A. SHAEFFER, 
Secretary; D. D. Van Styxez, Treasurer; Orro 
Foun, G. Lusx, L. B. Menpex, Councilors. 1916 
Watter Jones, President; F. P. UNDERHILL, 
Vice-President; 8. R. Benepict, Secretary; D. D. 
Van Siyrke, Treasurer; Orro Fourn, A. B. Macat- 
tum, P. A. SHarrer, Councilors. 1917 Cart L. 
AusBeRG, President; A. P. Matuews, Vice- 
President; S. R. Benepict, Secretary; H. C. 
Brap.ey, Treasurer; L. J. Henperson, P. A. 
Suarrer, F. P. UnperuiLt, Councilors. 1918 
Cart L. AtsBerG, President; A. P. Maruews, 
Vice-President; 8. R. Benepict, Secretary; H. C. 
BrapLey, Treasurer; W. J. Gries, ANDREW 
Hunter, E. V. McCotuium, Councilors. 1919 
StanLEY R. Benepict, President; D. D. Van 
StyKE, Vice-President; V. C. Myers, Secretary; 
H. C. Brapiey, Treasurer; ANDREW Hunter, E. 
V. McCotivum, L. B. MenpeEt, Councilors. 1920 
SranLtEyY R. Benepict, President; D. D. Van 
Stryke, Vice-President; V. C. Myers, Secretary; 
H. C. Brap.ey, Treasurer; Orro FoLin, WALTER 
Jones, L. B. MenpeEt, Councilors. 1921 Donaup 
D. Van Stryke, President; P. A. SHarrer, Vice- 


President; V. C. Myers, Secretary; H. C. Brap- 
LEY, Treasurer; S. R. Benepicr, Orro Fo tin, 


Water Jones, Councilors. 1922 Donatp D. 
Van Stryke, President; P. A. SHarrer, Vice- 
President; V. C. Myers, Secretary; W. R. Boor, 
Treasurer; S. R. Benepict, H. C. Brapuey, A. P. 
Martuews, Councilors. 1923 Puitip A. SHAFFER, 
President; H. C. Saerman, Vice-President; V. C. 
Myers, Secretary; W. R. Bioor, Treasurer; H. 
C. BrapLey, ANDREW Hunter, A. P. MaTHews, 
Councilors. 1924 Puitip A. SHAFFER, President; 
Henry C. SHERMAN, Vice-President; D. Wricut 
WILson, Secretary; WALTER R. Boor, Treasurer; 
Orto Fotin, ANDREW Hunter, Victor C. MYErs, 
Councilors. 1925 Henry C. SHERMAN, President; 
Epwarp C. KEenpbALL, Vice-President; D. WricHt 
WILson, Secretary; WALTER R. BLoor, Treasurer; 
Orro Foun, LarayetTe B. MENDEL, Parip A. 
SHaFFER, Councilors. 1926 Epwarp C. KENDALL, 
President; Etmer V. McCo.uvm, Vice-President; 
Frep C. Kocu, Secretary; GLENN E. CULLEN, 
Treasurer; J. B. Coturp, Epwarp A. Dotsy, 
Ausert P. Matuews, Councilors. 1927 E. V. 
McCo.uivM, President; W. R. Buoor, Vice-Presi- 
dent; D. Wrieut Wixson, Secretary; G. E. Cut- 
LEN, Treasurer; E. A. Dorsy, F. C. Kocu, D. D. 
Van Styxe, Councilors. 1928 E. V. McCotuivm, 
President; W. R. Buioor, Vice-President; D. 
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Wricut Witson, Secretary; G. E,. Cutten, 
Treasurer; Wm. M. Cuark, F. C. Kocu, D. D. 
Van Stryke, Councilors. 1929 W. R. Buroor, 
President; H. C. Brapiey, Vice-President; H. B. 
Lewis, Secretary; G. E. Cu.tumn, Treasurer; W. 
M. Cuark, C. L. A. Scumipt, P. A. SHarrer, 
Councilors. 1930 W. R. Buoor, President; H. C. 
Bran ey, Vice-President; H. B. Lewrs, Secretary; 
G. E. Cuuien, Treasurer; W. M. Crark, P. A. 
SHarrer, D. W. Wiuson, Councilors. 1931 H. C. 
Brap.ey, President; W. M. Cuarx, Vice-Presi- 
dent; H. B. Lewis, Secretary; C. H. Fiskz, 
Treasurer; W. C. Ross, P. A. Suarrer, D. W. 
Wixson, Councilors. 1932 H. C. Brap.ey, Presi- 
dent; W. M. Cuark, Vice-President; H. B. Lewis, 
Secretary; C. H. Fiske, Treasurer; P. E. Hows, 
W. C. Rosse, D. W. Witson, Councilors. 1933 
W. M. Cuark, President; H. B. Lewis, Vice-Presi- 
dent; H. A. Marriuu, Secretary; C. H. Fisxz, 
Treasurer; H. C. Brapiey, P. E. Hows, W. C. 
Ross, Councilors. 1934W.M. Crark, President; 
H. B. Lewis, Vice-President; H. A. Marri, 
Secretary; C. H. Fiske, Treasurer; H. C. Brap- 
LEY, E. A. Dorsy, P. E. Howe, Councilors. 1935 
H. B. Lewis, President; G. E. Cuuien, Vice- 
President; H. A. Marritu, Secretary; C. H. 
Fiske, Treasurer; H. C. Brapuey, J. B. Coup, 
E. A. Doisy, Councilors. 1936 H. B. Lewis, 
President; G. E, Cunuen, Vice-President; H. A. 
Martti, Secretary; A. B. Hastines, Treasurer; 
J. B. Couurp, E. A. Dotsy, W.C. Ross, Coun- 
cilors. 1937 G. E. Cutten, President; W. C. 
Ross, Vice-President; H. A. Marriuu, Secretary; 
A. B. Hastines, Treasurer; E. A. Dorsy, H. B. 
Lewis, H. B. Vickery, Councilors. 1938 G. E. 
CuLLEN, President; W. C. Ross, Vice-President; 
Cuarues G. Kina, Secretary; A. B. Hastinas, 
Treasurer; H. B. Lewis, H. A. Marritu, H. B. 
Vickery, Councilors. 1939 W. C. Rossz, Presi- 
dent; R. J. ANpERson, Vice-President; CHARLES 
G. Kine, Secretary; A. B. Hastrnas, Treasurer; 
H. B. Lewis, H. A. Martriuy, G. E. Cuutey, 
Councilors. 1940 Witu1am C. Ross, President; 
RupoupH J. ANDERSON, Vice-President; CHARLES 
G. Kine, Secretary; A. B. Hastines, Treasurer; 
H. A. Marrityt, GLENN E. Cutten, E. A. Dolsy, 
Councilors. 1941 R. J. ANnprERson, President; 
E. A. Doisy, Vice-President; A. K. Batts, Secre- 
tary; W. C. Srapiz, Treasurer; H. B. Lewis, W. 
C. Rose, Councilors. 1942 R. J. ANDERSON, 
President; E. A. Dorsy, Vice-President; A. K. 
Baus, Secretary; W. C. Srapie, Treasurer; W. 
C. Ross, C. A. Kine, H. Y. Cuarke, Councilors. 
1943 E. A. Dotsy, President; A. B. Hastinas, Vice- 
President; A. K. Bauus, Secretary; W. C. Sravig, 
Treasurer; W. C. Rosse, H. T. Crarxe, R. J: 
AnpErson, Councilors. 
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CONSTITUTION 


FRoM THE ARTICLES OF INCORPORATION 


1. The name of the proposed corporation is 
“AMERICAN SocieTy OF BIoLoGicaAL CHEMISTS, 
INCORPORATED.” 

2. The purposes for which this corporation is 
formed are to further the extension of biochemical 
knowledge and to facilitate personal intercourse 
between American investigators in biological 
chemistry. 


BY-LAWS 
- Articte I.—Membership 


Section 1. Eligibility for Membership.—Quali- 
fied investigators who have conducted and pub- 
lished meritorious original investigations in 
biological chemistry shall be eligible for member- 
ship in the Society. 

Sec. 2. Nomination —Nominations for member- 
ship shall be made and seconded by members of 
the Society on blanks furnished by the Secretary. 
Nominations shall be submitted to the Council 
who shall determine eligibility and make recom- 
mendation to the Society at a regular meeting. 

Sec. 3. Election to Membership—A. A nom- 
inee for membership may be voted for by ballot 
at any meeting of the Society after Council has 
reported its findings on his eligibility. The eligible 
candidate shall be reported by the Council as 
“eligible”? or as ‘eligible and indorsed.’”’ B. A 
majority of the ballots cast shall elect. 

Sec. 4. Forfeiture—A. Any member who may 
grant the use of his name for (a) the advertisement 
of a patent medicine, a proprietary food prepara- 
tion, or any other commercial article of doubtful 
value to the public or possibly harmful to the pub- 
lic health, or (b) who may concede its use for the 
purpose of encouraging the sale of individual 
samples (of any such product) that he has not ex- 
amined, shall forfeit his membership. 

B. The Council shall have authority to announce 
forfeiture of membership, provided that the copy 
of the charges, together with a written notice of 
& hearing thereon by the Council at a place and 
time specified in such notice, shall have been de- 
livered to the member charged with violating the 
preceding section either personally or mailed to 
him at his last known address at least thirty days 
before the date of such hearing. 

Sec. 5. Expulsion—Upon the recommendation 
of the Council any member may be expelled by a 
Majority vote of the total membership at a meet- 
ing of the Society, provided that a copy of the 
charges against him, together with a written notice 
of a hearing thereon by the Council/at a place and 
time specified in such notice shall have been de- 
livered to him personally or mailed to him at his 
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last known address at least thirty days before the 
date of such hearing. 


Arric_e II.—Meetings and Quorum 


Section 1. Annual.—The annual meeting of the 
Society shall be held on the date fixed by the Cer- 
tificate of Incorporation. 

Src. 2. Special.—A special meeting may be called 
at any time by the President, or in case of his 
absence or disability, by the Vice-President, and 
must be called at the request of a majority of the 
Council or fifteen members of the Society. A notice 
specifying the purpose of such meeting shall be 
mailed to each member at least ten days previous 
thereto. The Council shall select the places at 
which meetings shall be held. 

Sec. 3. Quorum.—Fifteen members shall con- 
stitute a quorum at all meetings of the Society, 
but in absence of a quorum any number shall be 
sufficient to adjourn to a fixed date. 


ArticLeE III.—Officials 


SxEcTION 1. Officers.—The officers shall be a Presi- 
dent, a Vice-President, a Secrevary, and a Treas- 
urer, who shall be elected annually by the mem- 
bers of the Society. 

Sec. 2. Counctl.—A. The officers so elected and 
three additional members, one of whom shall be 
elected at each annual meeting of the Society to 
serve a three year term, shall constitute the Board 
of Directors of the corportion and shall be known 
as ‘*The Council.’’ (When this provision is first 
put into effect three members will need to be 
elected for a one, a two and a three year period.) 

B. No two members of the Council may be from 
the same institution, and none of the officers so 
elected shall be eligible for re-election for more 
than two years except the Secretary and Treas- 
urer, who shall be eligible for re-election for five 
years. The three additional members of the Council 
shall be ineligible for re-election (until after the 
lapse of one year). 

Src. 3. Duties of Officers.—The powers and duties 
of the officers elected by the Society shall be such 
as usually devolve upon their respective positions. 

Sec. 4. Assistant Treasurer —A. The Council 
may from time to time appoint a trust company, 
or some member of the Society, to serve during the 
pleasure of the Council as Assistant Treasurer, 
and to act as depositary of the investments and 
income of the ‘Christian A. Herter Memorial 
Fund” and of such other funds as the Society may 
from time to time commit to its or his charge. 

B. The Assistant Treasurer shall have and exer- 
cise the following powers and duties, viz., the 
custody and safe-keeping of securities and cash 
belonging to the ‘“‘Christian A. Herter Fund” and 
the collection of income and other moneys due to 
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the Fund, with power to receipt for the same an 
to endorse for deposit all checks payable to the 
Society or the Treasurer, or to the Journal of 
Biological Chemistry for income or other moneys 
due to the Fund, the investment or reinvestment 
of the capital of the Fund, subject to the approval 
of the Council; the dibursement of principal under 
the direction of the Council and the disbursement 
of income under the direction of the Editorial 
Board of the Journal of Biological Chemistry, 
such disbursement to be made under a resolution 
of the Council or Board, or with the approval 
of two members of either the Council or Board, 
as the case may be. The Assistant Treasurer shall 
keep books of account and render statements, 
annually or oftener upon the request of the Coun- 
cil or Board setting forth the condition of the Fund 
and the receipts and disbursements since the 
date of the preceding statement. 


ArtTIcLE IV.—The Council 


SecTION 1. Powers.—The general management of 
the Society during the intervals between meetings 
shall be vested in the Council, which shall reg- 
ularly perform the ordinary duties of an executive 
committee and possess all the powers conferred 
upon the Board of Directors of a membership 
corporation by the Membership Corporation Law 
of the State of New York. 

Sec. 2. Reports ——The Council shall report to 
the Society as promptly as possible its findings 
on the eligibility of candidates for membership, 
and on all charges of a violation of these By-Laws. 

Sec. 3. Journal of Biological Chemistry.—The 
Council shall have power to appoint the persons 
to act as proxies for the Society at all meetings of 
the stockholders of the ‘Journal of Biological 
Chemistry”’ (a corporation) of which all the stock 
is owned by the Society, and also to designate the 
persons to be elected as Directors of such corpora- 
tion. 

Sec. 4. Herter Fund.—lIt shall be the duty of the 
Council to see that the “Christian A. Herter 
Memorial Fund”’ is administered in accordance 
with the terms of the Trust Agreement, dated 
May 16, 1911, executed by the Journal of Biological 
Chemistry and the donors of said Fund. 


ARTICLE V.—Nominating Committee 


Secrion 1, Membership—A. The nominating 
Committee shall consist of nine members from 
nine different institutions elected at each annual 
meeting to serve for the ensuing year. Members 
who have served on the Nominating Committee 
for two consecutive years shall be ineligible for 
re-election until after the lapse of one year. 

B. The member of the Nominating Committee 
who is elected to the Committee by the largest 
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number of votes shall become Chairman and Secre- 
tary of the Committee. 

Sec. 2. Nomination of Officials —A. The Nomi- 
nating Committee shall make at least one nomina- 
tion for each of the four offices and for each of the 
three additional positions in the Council to be 
filled by vote of the members. 

B. The nominations by the Nominating Com- 
mittee must be transmitted to the Secretary at 
least one month before the annual meeting at 
which they are to be considered. 

C. The Secretary shall send to every member, 
at least two weeks before the annual meeting, two 
copies of the list of nominees presented to him by 
the Nominating Committee and at the same time 
shall notify all the members that they may vote 
by proxy. 

D. At the opening of the first executive session 
of the ensuing annual meeting the Secretary ghall 
formally present the regular nominations for the 
Nominating Committee. 

E. Additional nominations for the offices and for 
membership in the Council may be made by any 
member at the opening of the first executive ses- 
sion of any annual meeting. 

F. Nominations for membership on the Noni- 
nating Committee shall be made by or for individ- 
ual members, either in person or by proxy, and not 
otherwise, at the opening of the first executive 
session of any annual meeting. 

Sec. 3. Election of Officials —A. The Secretary 
shall receive and present to the tellers, appointed 
by the President to take charge of the election, all 
signed ballots forwarded by absent members. 
When such ballots are presented to the tellers the 
Secretary shall announce the names of the mem- 
bers voting by proxy, and he shall record the same 
names in the minutes of the meeting. 

B. All elective officials shall be selected by ballot 
at the close of the first executive session of each 
annual meeting. ‘ 

C. A majority of the votes cast shall be necessary 
to elect an official. 

D. Elective officials shall take office on July Ist 
following the annual meeting. 

Sec. 4. Filling of Vacancies—A. The Nominat- 
ing Committee shall fill all vacancies in elective 
positions except such as may occur at a meeting of 
the Society. 

B. The President of the Society shall fill all va- 
cancies in appointive positions. 


ArticLe VI.—Financial 


Section 1. Dues.—Annual assessments shall be 
determined by majority vote at the annual meet- 
ings, upon the recommendation of the Council, and 
shall be due January 15th in each year. Members 
who have reached the age of 65 years, or who have 
become incapacitated, may, by vote of the Coun- 
cil, be exempted from the payment of dues. 
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Sec. 2. Expenditures.—No expenditures from the 
general funds of the Society except those required 
in the performance of the ordinary official duties 
shall be made except by vote of the Society or the 
Council, but this section shall not apply to expen- 
ditures from the “Christian A. Herter Memorial 
Fund.” 

Sec. 3. Privileges of Membership Begin with Pay- 
ment of Dues.—Candidates for membership, if 
elected, shall not be entitled to any of the privi- 
leges of membership, before they pay the dues of 
the fiscal year succeeding their election. 

Sec. 4. Penalty for Non-Payment of Dues.—A. 
Members in arrears for dues for a period of three 
consecutive years shall thereupon forfeit their 
membership. 

B. Delinquent members may be reinstated by 
the Council provided all indebtedness to the So- 
ciety is liquidated. 

Sec. 5. Herter Fund.—The ‘‘Christian A. Herter 
Memorial Fund” shall be held and invested 
separately from the general funds of the Society 
and the income thereof shall be expended under 
the direction of the Editorial Board exclusively 
for the maintenance and support of the Journal of 
Biological Chemistry, subject to the supervision 
and control of the Editorial Committee in accord- 
ance with the terms of the Trust Agreement men- 
tioned in Articte IV, Section 4, and the provi- 
sions of ArTIcLE VII of the By-Laws. 


ArticLe VII.—Journal of Biological 
Chemistry 


Section 1. Editorial Commitiee.—There shall be 
an Editorial Committee consisting of nine mem- 
bers of the Society who shall be nominated by the 
Nominating Committee and elected by the Society 
in the same manner as officers. The nine members 
first elected shall divide themselves by lot into 
three classes of three in each class, to serve for two, 
four, and six years respectively, and thereafter 
three members shall be elected at each alternate 
annual meeting of the Society to succeed the mem- 
bers of the outgoing class and to serve for a term of 
ix years. Members of the Committee shall be 
ligible to re-election. 

Sec. 2. Powers of Committee—The Committee 
shall have power to elect an Editorial Board and 
shall have final authority in matters pertaining to 
the general policy of the Journal. 

Sec. 3. Editorial Board.—The members of the 
Board shall hold office until their successors are 
elected and shall appoint a Managing Editor from 
imong their own number who shall have direct 
sponsibility and authority for the active edi- 
torial conduct of the Journal, and who shall have 
tiscretionary power in arranging the details as to 
the conduct of the Journal. The expenditures of 
the income of the ‘Christian A. Herter Memorial 
Fund” shall be under the direction of the Board, 
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and the approval of any two members of the Board 
shall be a sufficient warrant to authorize payments 
from such income. 


ArticLe VIII.—Papers on Scientific Subjects 


Section I. Presentation of Papers.—The Secre- 
tary shall request each member who signifies his 
intention of reading a paper at any session to 
specify the length of time which its presentation 
will require. The time tkus specified shall be 
printed on the official program, and the presiding 
officer shall have no authority to extend it unless a 
majority of the members present signify their wish 
to the contrary. In the absence of any specification 
of time required not more than ten minutes shall 
be allotted for the reading of any one paper. 

Src. 2. Number of Papers —No member shall be 
permitted to present more than one paper, either 
alone or in collaboration, until every member shall 
have had the opportunity of presenting one paper. 


ArticLe IX.—Corporate Seal 


Section 1. The corporate seal of the corporation 
shall be a circle surrounded by the words, ‘‘AMERI- 
cAN Society oF BroLogicaLt CHeEmistTs,”’ and in- 
cluding the word, ‘‘INcoRPORATED.”’ 


ARTICLE X.—Amendments 


Section 1. Amendments.—These By-Laws, after 
having been approved by the Council, and adopted 
by the Society at its first annual meeting, shall 
not be amended except as hereinafter provided. 

Sec. 2. Manner of Presentation—Proposed 
amendments to the By-Laws must be sent to the 
Secretary at least one month before the date of the 
meeting at which they are to be considered and 
must be indorsed in writing by at least three 
members. ? 

Sec. 3. Notice of Intended Amendments.—The 
Secretary shall give every member notice of pro- 
posed amendments at least two weeks before the 
meeting at which they are to be considered and 
shall notify all members that they may vote by 
proxy. 

Src. 4. Adoption of Amendments.—A. The Secre- 
tary shall receive and present to the tellers ap- 
pointed by the President all signed ballots for- 
warded by absent members. When such ballots are 
presented to the tellers, the Secretary shall 
announce the names of members voting by proxy, 
and he shall record the same names in the minutes 
of the meeting. 

B. Votes upon amendments shall be cast at the 
opening of the second executive session of the 
meeting at which they are considered. 

C. Affirmative votes from three-fifths of the 
members voting shall be required for the adoption 
of an amendment. 





OFFICERS ELECTED 1944 


President—Erwin E. Nextson, Wellcome Re- 
search Laboratories, Tuckahoe 7, New York. 

Vice-President—Cuar.es M. GruBer, Jefferson 
Medical College, Philadelphia 7, Pennsylvania. 

Secretary—Raymonp N. Bieter, University of 
Minnesota Medical School, Minneapolis 14, Min- 
nesota. 

Treasurer—McKEEn CatTre.y, Cornell Univer- 
sity Medical College, New York 21, New York. 

Council—Harry Beckman, Marquette Univer- 
sity School of Medicine, Milwaukee 3, Wisconsin, 
NatTuHan B. Eppy, National Institute of Health, 
Bethesda 14, Maryland, Erwin E. NeELson, 
CHarLes M. Gruser, Raymonp N. BIETER, 
McKeen Carre... 

Membership Committee—Harvey B. Haac (term 
expires 1945), Medical College of Virginia, Rich- 
mond 19, Virginia, Cart A. DraGstept (term 
expires 1946) Northwestern University Medical 
School, Chicago 11, I]., Cart F. Scumipt (term 
expires 1947), University of Pennsylvania Medical 
School, Philadelphia 4, Pennsylvania. 

Nominating Committee—H. O. Catvery, Chair- 
man, A. C. DeGrarr, J. M. Diz, B. H. Rossins, 
F. F. Yonxkman. ‘ 


PAST OFFICERS 


1909 J. J. Apex, President; Rerp Hunt, Secre- 
tary; A. S. Lozvennanrt, Treasurer; 8. J. Me.r- 
zeR, T. Sotumann, C. W. Epmunps, A. C. Craw- 
ForD, Councilors. 1910 J. J. Apex, President; 
Rew Hunt, Secretary; A. S. LogvENHART, 
Treasurer; A. C. Crawrorp, G. B. WALLACE, 
Councilors. 1911 J. J. Apex, President; Rerp 
Hunt, Secretary; A. 8S. Loznvennart, Treasurer; 
G. B. Wauiace, W. pEB. MacNiprr, Councilors. 
1912 J. J. Ape, President; J. Aver, Secretary; 
A. 8. Lorvennart, Treasurer; G. B. Wauuacs, 
Rem Hont, Councilors. 1913 T. SoiuMann, 
President; J. Aver, Secretary; A. 8. LopvennaRt, 
Treasurer; J. J. ABEL, W. pEB. MacNiper, 
councilors. 1914 T. Sotumann, President, J. 
Auvsr, Secretary; W. pb—EB. MacNiper, Treasurer; 
J.J. Apet, A. 8. Lozvennart, Councilors. 1915 
T. Sottmann, President; J. Aver, Secretary; W. 
DEB. MacNipsr, Treasurer; WortH Hatz, D. E. 
Jackson, Councilors. 1916 Rerp Hunt, Presi- 
dent; J. Aunr, Secretary; W. p—EB. MacNiper, 
Treasurer; A. D. Hirscuretper, G. B. Rors, 
Councilors. 1917 Rem Hunt, President; L. G. 
RowntTrREE, Secretary; W. peB. MacNiper, 
Treasurer; J. AUER, CarL Voratuin, Councilors. 
1918 Re1p Hunt, President; E. D. Brown, Secre- 
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tary; W. peB. MacNiper, Treasurer; Hucr : 
McGuiean, Cart Voretiin, Councilors. 1919 § 
A. 8. Lorvennart, President; E. D. Brown, d 
Secretary; W. ppB. MacNiper, Treasurer; Reip G 
Hunt, E. K. MarswHaut, Jr., Councilors. 1920 E 
A. S. Lorvennart, President; E. D. Brown, 1! 
Secretary; W. p—EB. MacNiper, Treasurer; D. E. Vv. 
Jackson, E. K. MarsHatu, Jr., Councilors. 1921 i. 
C. W. Epmunps, President; E. D. Brown, Secre- a 
tary; Huea McGuiean, Treasurer; JoHN AUER, Pr 
J.P. Hanzurx, Councilors. 1922 C. W. Epmunps, Py 
President; E. D. Brown, Secretary; Huan Mc- Ty 
Guiean, Treasurer; J. P. Hanzi, H. G. Bar- cil 
BouR, Councilors. 1923 C. W. Epmunps, Presi- Scr 
dent; E. D. Brown, Secretary; Huan McGut- Sec 
GAN, Treasurer; J. P. Hanzux, H. G. Barsovr, R 
Councilors. 1924 Joun AveER, President; E. “ 
D. Brown, Secretary; A. L. Tatum, Treasurer; a 
J. P. Hanzurx, H. G. Barsovur, Councilors. Ne 
1925 Joun Aver, President; E. D. Brown, Cot 
Secretary; A. L. Tarum, Treasurer; H. G. Bar- Cu 
BourR, W. peB. MacNiper, Councilors. 1926 x. 
Joun Aver, President; E. D. Brown, Secre- Mel 
tary; A. L. Tarum, Treasurer; H. G. Barsour, 
W. vEB. MacNiper, Councilors. 1927 Cari 
VoEcTLIN, President; E. D. Brown, Secretary; 
A. L. Tatum, Treasurer; V. E. Henperson, C. 
W. Epmunps, Councilors. 1928 Cart VoEGTLIN, T 
President; E. D. Brown, Secretary; A. L. Tatum, @ ‘4, 
Treasurer; V. E. Henperson, C. W. EpMUNDS, @ ppp, 
Councilors. 1929 Cart VoraTLin, President; E. 
D. Brown, Secretary; O. H. Puant, Treasurer; 
V. E. Henperson, C. W. Epmunps, Councilors. Th 
1930 Grorce B. Watutace, President; E. D. these 
Brown, Secretary; O. H. Puant, Treasurer; H. ltei 
G. Barsour, C. M. Gruser, Councilors. 1931 Gon 
Grorce B. Watiace, President; Vetyren E£. Bas 
HENDERSON, Secretary; O. H. Puant, Treasurer; 
Paut D. Lamson, Witu1am pEB. MacNIpee, 
Councilors. 1932 Wm. ppB. MacNiper, Presi- Sec 
dent; A. N. Ricwarps, Vice-President; V. E. ublis 
Henperson, Secretary; O. H. Puant, Treasurer; cology 
G. B. Rorn, A. L. Tarum, Councilors. 1933 Ww. say 
pEB. MacNiner, President; A. L. Tatum, Vice ty 
President; V. E. HenpErson, Secretary; 0. H. — 
Puant, Treasurer; C. M. Gruser, G. B. Romig . EC. 
Councilors. 1934 R. A. Hatcusr, President; Aj™ °°°% 
L. Tatum, Vice-President; E. M. K. GEILINé, ot me 
Secretary; O. H. Piant, Treasurer; Wa. peB. ra 
MacNiper, R. L. Sreaze, Councilors. 1935 V. a. 
E. Henperson, President; O. H. Puant, Vice the 
President; E. M. K. Grruina, Secretary; C. M. to the. 
GrvuBER, Treasurer; FLoyp pE Eps, M. 8. Dootst; C.Cs 
Councilors. 1936 V. E. Henperson, Presi Commi, 














dent; O. H. Puant, Vice-President; E. M. K. 
GeILinG, Secretary; C. M. Gruser, Treasurer; 
C. W. Epmunps, G. B. Wauuace, Councilors. 
1937 A. L. Tarum, President; E. M. K. Grriina, 
Vice-President; G. P..GraBrieLp, Secretary; C. 
M. Gruber, Treasurer; V. E. Henprrson, M. H. 
Seevers, Councilors. 1938 A. L. Tatum, Presi- 
dent; E. M. K. Geriine, Vice-President; G. P. 










ad GRABFIELD, Secretary; C. M. Grusur, Treasurer; 
0 E. K. MarsHatu, Jr., C. F. Scumipt, Councilors. 
’, 1939 O. H. Piant, President; E. M. K. Geruina, 
~ Vice-President; G. P. Grasrie.p, Secretary; E. 





E. Nzetson, Treasurer; A. L. Tatum, C. A. Drac- 
stepT, Councilors. 1940 E. M. K. Ger.ina, 
President; C. F. Scumipt, Vice-President; G. 
Puitip GRABFIELD, Secretary; E. E. NeE.son, 
Treasurer; B. H. Rossins, C. H. Torenes, Coun- 
cilors 1941 E. M. K. Gerirne, President; C. F. 
ScumipT, Vice-President; Raymonp N. Brerer, 
Secretary; E. E. Netson, Treasurer; E. G. Gross, 
R. G. Smirx, Councilors. 1942 E. K. MarsHatu, 
Jr., President; Cart A. Draastept, Vice-Presi- 
dent; Raymonp N. Breter, Secretary; E. E. 
Netson, Treasurer; McK. Catre.u, R. G. Smita, 
Councilors. 1943E.K.MarsHatu, JR., President; 
Cart A. Dracstept, Vice-President; Raymonp 
N. Bieter, Secretary; E. E. Neuson, Treasurer; 




































“ McK. Carrey, R. G. Smita, Councilors. 
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6 ArtIcLE I.—Name 
LIN, The name of this organization shall be the 
‘UM; # ‘‘AMERICAN SOCIETY FOR PHARMACOLOGY AND Ex- 
a5 PERIMENTAL THERAPEUTICS, INCORPORATED.” 
2) 4 
1rer; ArticLe II.—Objects 
lors. The purpose of this Society shall be to promote 
. D. these branches of science and to facilitate personal 
9 a intercourse between investigators who are actively 
2 E engaged in research in these fields. 
jurer; ArticLte III.—Membership 
a Section 1. Any person who has conducted and 
7 zB published a meritorious investigation in pharma- 
sien: cology or experimental therapeutics, and who is an 
Wi. active investigator in one of these fields, shall be 
Viee- tligible to membership, subject to the conditions 
0. H. of the other sections of Article III. 
Rom, Src. 2. A. Candidates for membership to this 
cal Society shall be proposed. by two members who are 
apse hot members of the Council. The names so pro- 
ppb. Posed shall be sent to the Secretary at least three 
435 V nonths prior to the Annual Meeting. 
View B. The Membership Committee shall investigate 
oil the qualifications of the candidates and report 
oa a] to the Council. 
O 








C. Candidates reported upon by the Membership 
Committee to the Council may be recommended 
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for admission by the Council only provided they 
have been unanimously approved by both the 
Membership Committee and the Council. 

D. The names of the candidates recommended 
for admission by the Council shall be posted by 
the Secretary not later than the day preceding the 
election for members. 

E. The election of members shall be by individ- 
ual ballot; one opposing vote in every eight cast 
shall be sufficient to exclude a candidate from 
membership. 

Sec. 3. Forfeiture of Membership. 

A. Any member whose assessment is three years 
in arrears shall cease to be a member of the Society, . 
unless he shall be reinstated by a special vote of 
the Council; and it shall be the duty of the Treas- 
urer to inform the Secretary that he may notify 
the said delinquent of his right to appeal to the 
Council. 

B. If the Council shall decide that it is for the 
best interests of the Society that a member be 
expelled, the member shall be notified and given 
an opportunity of a hearing before the Council. 
Upon the recommendation of the Council the mem- 
ber then may be expelled by a three-fourths vote 
of those present at a regular meeting of the So- 
ciety. 

Sec, 4. Honorary Members. 

A. Distinguished men of science who have con- 
tributed to the advance of pharmacology or experi- 
mental therapeutics shall be eligible for election as 
honorary members of the Society. 

B. Nominations for honorary members. shall 
take the same course as nominations for ordinary 
members (Art. ITI, Sec. 2); but their election shall 
require the unanimous vote of the members pres- 
ent at the election. 

C. Honorary members shall pay no membership 
fee. They shall have the right to attend all meet- 
ings of the Society, and to take part in its discus- 
sions, but they shall have no vote. 

D. The conditions for continuation of member- 
ship shall be the same for honorary as for ordinary 
members (Art. III, Sec. 3), except that forfeiture 
for arrears of fees does not apply to honorary 
members. 


ArticLE IV.—Officers and Elections 


Section 1. The management of the Society shall 
be vested in a Council of six officers, consisting of 
a President, a Vice-President, a Secretary, a Treas- 
urer, and two additional members. 

Sec. 2. There shall be a Membership Committee 
consisting of three members, and a Nominating 
Committee consisting of five members. No two 
members of either Committee shall be from the 
same institution. 

Sec. 3. Members of the Council shall serve for 
one year but they shall be eligible for re-election. 
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Sec. 4. The election of the Membership Commit- 
tee shall be held annually at the time when the 
election of officers occurs. At the first meeting of 
the Society under this Constitution, one member 
shall be elected to serve on the Committee for 
three years, one for two years, and one for one 
year; and subsequently one member shall be 
elected each year to serve for a period of three 
years. 

Sec. 5. A. Members of the Nominating Commit- 
tee shall serve for one year. They are eligible for 
re-election, but shall not hold membership in the 
Committee for more than two consecutive years. 

B. The Nominating Committee shall make at 
least one nomination for each office and for posi- 
tion on the Membership Committee to be filled 
by vote of the members. The nominations so made 
shall be transmitted to the Secretary and by him 
in turn to the members, at least one month before 
the annual meeting. Additional nominations may 
be made by any member at the time of the annual 
meeting. 

C. Nominations for membership on the Nomi- 
nating Committee shall be made by individual 
members at the time of the annual election. The 
five nominees who receive the highest number of 
votes shall be declared elected. The Nominating 
Committee shall select its own chairman who shall 
also serve as secretary to the Committee. 

Src. 6. The election of officers shall be held at 
the close of the first session of the annual meeting. 
In voting there shall be a ballot in regular order 
for each office to be filled, and the majority of the 
votes cast shall be necessary to a choice. 

Sec. 7. Such vacancies as may occur in the offices 
and in the various committees in the interval 
between annual meetings shall be filled by a 
majority vote of the Council. 


ARTICLE V.—Meetings 


Section 1. The annual meeting of the Society 
shall be held at a time and place determined by 
the Council in consultation with the Executive 
Committee of the Federation of American So- 
cieties for Experimental Biology. 

Src. 2. Special meetings may be held at such 
times and places as the Council may determine. 

Src. 3. At least four weeks before the annual 
meeting the Secretary shall send to each member 
a notice of the time and place of such meeting and 
shall make such announcements as the Council 
may direct. 


ArticLeE VI.—Financial 


Section 1. The annual assessment shall be de- 
termined by majority vote at the annual meetings, 
upon the recommendation of the Council, and 
shall be due in advance at the time of the meeting. 


FEDERATION PROCEEDINGS 


Sec. 2. Beyond the ordinary expenditures re- 
quired by the routine business of the Society no 
money shall be disbursed save by the authority of 
the Council or Society. 

Sec. 3. The treasurer shall make an annual re- 
port to the Society. 

Sec. 4. In case any profits result to the Society 
from the Journal of Pharmacology and Experi- 
mental Therapeutics at the end of the financial 
year, such profits shall be kept in a special account, 
after deducting any sums expended by the Society 
during the year for the conduct of the Journal, 
and shall be held subject to the order of the Coun- 
cil on recommendation of the Editorial Board. 


ArticLte VII.—Quorum 


Ten members shall constitute a quorum for the 
transaction of business. 


ArticLe VIII.—By-Laws 


By-Laws shall be adopted, altered or repealed 
at any meeting by two-thirds vote of the bal- 
lots cast. 


ArtTIcLE [X.—Amendments 


SEcTION 1. Intended amendments to the Consti- 
tution shall be sent to the Secretary at least one 
month before the date of the meeting at which they 
are to be considered, and must be indorsed in 
writing by at least three members. 

Src. 2. The Secretary shall give all members due 
notice of proposed amendments. 

Sec. 3. A four-fifths vote of the members present 
shall be required for the adoption of an amend- 
ment. 


ARTICLE X.—Journal 


SecTion 1. The official publication of the Society 
shall be the Journal of Pharmacology and Experi- 
mental Therapeutics. 

Src. 2. The Society shall elect an Editor-in-Chief 
for a term of three years and he with the approval 
approval of the Council shall appoint an Editorial 
Board of six members for a term of three years. 

Sec. 3. The Editorial Board shall have direct 
authority and responsibility for the active edi- 
torial conduct of the Journal of Pharmacology and 
Experimental Therapeutics and shall have discre- 
tionary power in arranging details as to the con- 
duct of the Journal. 


BY-LAWS 


1. Papers to be read shall be selected by the 
President and Secretary, who shall be empowered 
to arrange the program in their discretion. Papers 
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not read shall appear on the program as read by 
title. No member shall be permitted to read or 
| have read by title more than one paper. 

2. An abstract of a paper to be read before the 
Society shall be sent to the Secretary with the 


title. As early as possible after each meeting, the- 


295 


Secretary shall edit and publish the Proceedings 
of the Society together with abstracts in a publi- 
cation authorized by the Society. 

3. All applications for membership shall be ac- 
companied by a copy of as many reprints as pos- 
sible of the published work of the applicant. 
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THE AMERICAN SOCIETY FOR EXPERIMENTAL PATHOLOGY 
Founded December 29, 1918 


OFFICERS ELECTED 1942 


President—Ba.puIn Luck, University of Penn- 
sylvania Medical School, Philadelphia. 

Vice-President—Pauu R. Cannon, University 
of Chicago, Chicago, Illinois. 

Secretary-Treasurer—H. P. Smiru, College of 
Medicine, State University of Iowa, Iowa City. 

Councilors—Dovua.as H. Sprunt, University of 
Tennessee, Memphis, Frrepa 8. Rosscnert-Ros- 
BINS, University of Rochester School of Medicine 
and Dentistry, Rochester, N. Y. 


PAST OFFICERS 


1914 R. M. Pearce, President; Jonn F. ANDER- 
son, Vice-President; G. H. Wuippue, Secretary- 
Treasurer; Harvey Cusninec, Davip Marine, 
Councilors. 1915 THEeoBaLp Situ, President; 
G. H. Wuiprue, Vice-President; Peyron Rous, 
Secretary-Treasurer; Davip Marine, R. M. 
Pearce, Councilors. 1916 Simon FLEXNER, Presi- 
dent; Lzo Logs, Vice-President; Peyron Rous, 
Secretary-Treasurer; Davin Marine, R. M. 
Pearce, Councilors. 1917 Lupvic HeExkToEn, 
President; Leo Logs, Vice-President; Howarp T. 
KarsneR, Secretary-Treasurer; Pau, A. Lewis, 
L. G. Rowntree, Councilors. 1918 H.: Gipzon 
Wetis, President; W. G. MacCattum—Vice- 
President; Howarp T, Karsner, Secretary- 
Treasurer; L. G. RownTREE, Lupvig HEKTOEN, 
Councilors. 1919 W. G. MacCaxtum, President; 
Wmiram H. Park, Vice-President; Howarp T. 
Karsner, Secretary-Treasurer; Lupvic HEKTOEN, 
E. L. Oprz, Councilors. 1920 Wii11AM H. Park, 
President; F. G. Novy, Vice-President; Howarp 
T, Karsner, Secretary-Treasurer; E. L. Oprz, 
Wave H. Brown, Councilors. 1921 F. G. Novy, 
President; Howarp T. Karsner, Vice-President; 
Wave. H. Brown, Secretary-Treasurer; Paun A. 
lzwis, A. R. Docuez, Councilors. 1922 Howarp 
T. Karsner, President; Eugene L. Opre, Vice- 
President ; Wave H. Brown, Secretary-Treasurer; 
A. R. Docuez, Gzorce H. Wuippie, Councilors. 
1923 EvaEne L. Orrs, President; ALDRED 8. War- 
THIN, Vice-President; WapE H. Brown, Secretary- 
Treasurer; Georce H. Wurrrty, H. Geon 


We ts, Councilors. 1924 Atprep S. WanrrTHIN,. 
President; Georce H. Wuipp.e, Vice-President; - 
Epwarp B. KrumpnHaar, Secretary-Treasurer;. 
H. Grpeon WELLs, FrepErick L. Gates, Coun- 
cilors. 1925 Grorce H. Wuippie, President;. 
Wave H. Brown, Vice-President; Epwarp B. 
KroumBuHaar, Secretary-Treasurer; FREDERICK. 
L. Gates, Davin Marine, Councilors. 1926: 
Wave H. Brown, President; Davin Marine,. 
Vice-President; Epwarp B. KrumBuHaar, Secre- 
tary-Treasurer; Freperick L. Gates, WiLi1Am F.. 
PETERSEN, Councilors. 1927 Davip Manring;. 
President; Epwarp B. Krumsuaar, Vice-Presi-- 
dent; Cart V. Weiter, Secretary-Treasurer;. 
Witiiam F. Perersen, Freperick L. Gates, 
Councilors. 1928 Epwarp B. Krumenaar,,. Presi-~ 
dent; Wriit1am F. Perersen, Vice-President;, 
Cart V. WeLLER, Secretary-Treasurer; FRep- 
ERIcK L. Gates, Samuet R. Haytoorn, Coun- 
cilors. 1929 Witi1am F. Petersen, President; 
Freperick L. Gates, Vice-President; Cart V. 
We LLeER, Secretary-Treasurer; SAaMuEL R. Hay- 
THORN, Peyton Rous, Councilors. 1930 Frep- 
ERICK L. Gates, President; Samuet R. Hay?uorn,. 
Vice-President; C. Puituip Mi.uer, Secretary- 
Treasurer; Peyton Rous, Cart V. Wetter, 
Councilors. 1931 Samue, R. Haytruorn, Press- 
dent; Peyton Rous, Vice-President; C. Puri. 
Mier, Secretary-Treasurer; CAakL V. WELLER, 
S. Burr Wo.sacu, Councilors. 1932 PryTon 
Rous, President; Cart V. Weiter, Vice-Presi- 
dent; C. Paiturp Miuier, Secretary-Treasurer; 
S. Burr Wo.pacn, Oskar Ktorz, Councilors. 
1933 Cart V. WeueER, President; S. Burr Wot- 
BACH, Vice-President; C. Purtitrp MIuuer, Secre- 
tary-Treasurer; Oskar Kuotz, ALPHONSE R. 
Docuez, Councilors. 1934 S. Burr Wo.sacu, 
President; Oskar Kiorz, Vice-President; SHIELDS 
‘WarRREN, Secretary-Treasurer; C. Puiture Mr- 
LER, ALPHONSE R. Docuez, Councilors. 1935 
Oskar Kuiorz, President; ALPHONsE R. Docuez, 
Vice-President; Snretps Warren, Secretary- 
Treasurer; Morton McCutcnreon, C. Pxri.uip 
Miter, Councilors. 1936 ALPHONSE R. DocueEz, 
President; C. Puiniip Miuier, Vice-President; 
SHieLps WARREN, Secretary-Treasurer; Morton 
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McCutcHeon, Ernest W. GooppastTuRE, Coun- 
cilors. 1937 C. Paritirp Miuuer, President; Mor- 
ton McCutcueon, Vice-President; Paut R. 
Cannon, Secretary-Treasurer; Eznest W. Goop- 
PASTURE, SHIELDS WarreEN, Councilors. 1938 
Morton McCurcueon, President; Ernest W. 
GooppastuRE, Vice-President; Pau, R. CANNON, 
Secretary-Treasurer; SHietps WARREN, Jesse L. 
Botiman, Councilors. 1939 Ernest W. Goop- 
PASTURE, President; Saietps Warren, Vice- 
President; Paut R. Cannon, Secretary-Treasurer; 
Jesse L. Botuman, Batpurn Lucxé, Councilors. 
1940 SHreLps Warren, President; Jesse L. Boti- 
MAN, Vice-President; H. P.. Smrrx, Secretary- 
Treasurer; Batpurn Luckxé, Paut R. Cannon, 
Councilors. 1941 Jesse L. Botuman, President; 
Batpuin Luck&, Vice-President; H. P. Smiru, 
Secretary-Treasurer; Paut R. Cannon, DouGias 
H.Sprunt, Councilors. 1942,1943 Batpurn Luckk, 
President; Paut R. Cannon, Vice-President; 
H. P. Smrru, Secretary-Treasurer; Dovetas H. 
Sprunt, Frrepa S. Rosscuerr-Rossins, Coun- 
cilors. 


CONSTITUTION 


ArticLe I.—Name 


The Society shall be named “THe AMERICAN 
Society FOR EXPERIMENTAL PaTHOLOGY.”’ 


ArticLe IT.—Object 


The object of this Society is to bring the produc- 
tive investigators in pathology, working essen- 
tially by experimental methods, in closer affiliation 
with the workers in the other fields of experimental 
medicine. 


Articte ITI.—Time and Place of Meeting 


The Society shall meet at the same time and 
place as the Federation of American Societies for 
Experimental Biology, which comprises at present 
the American Physiological Society, the American 
Society of Biological Chemists, the American So- 
ciety for Pharmacology and Experimental Thera- 
peutics, and the American Society for Experimen- 
tal Pathology. 


ArticLe IV.—Membership 


Section 1. Any American investigator who, 
through the use of experimental methods, has, 
within three years prior to his candidacy, con- 
tributed meritorious work in pathology, is eligible 
to membership. 

Sec. 2. It shall be the policy of the Society to 
restrict its membership to as small numbers as is 
compatible with the maintenance of an active 
existence. 

Sec. 3. There shall be two classes of members: 
active and honorary members. 


FEDERATION PROCEEDINGS 


Active members: Candidates for active member- 
ship shall be nominated at or before an annual 
meeting by two members of the Society. The nomi- 
nators shall present to the Secretary in writing 
evidence of the candidate’s qualifications for 
membership. Nominations approved by the Coun- 
cil shall be presented to the Society for election at 
the next annual meeting following nomination. 
For election a favorable ballot by a majority of the 
members present is necessary. 

Honorary members: These may be elected from 
the active list or from the group of distinguished 
investigators at home or abroad who have con- 
tributed to the knowledge of pathology by experi- 
mental study. They shall be elected only by the 
unanimous vote of the members present at time of 
nomination. 

Sec. 4. Active members shall pay such annual 
dues as are determined upon, from year to year, by 
the Council. Honorary members shall pay no dues, 
are not eligible.to office, and have no vote in the 
business affairs of the Society, but they shall have 
all the privileges of the active members in the 
scientific proceedings. 

Sec. 5. Upon failure of an active member to pay 
dues for two years, notice shall be given to the 
member by the Secretary. At the end of the third 
year, if dues are still unpaid, such failure consti- 
tutes forfeiture of membership. 

Sec. 6. A motion for expulsion of a member must 
be thoroughly investigated by the Council; at this 
investigation the accused shall be afforded a hear- 
ing or may be represented by a member. Expulsion 
can be accomplished only after a unanimous vote 
by the Council in favor of expulsion, sustained by 
a four-fifths vote of the members present at the 
meeting. 


ARTICLE V.—Officers 


The management of the Society shall be vested 
in a Council of five members, consisting of a Presi- 
dent, a Vice-President, a Secretary-Treasurer, 
and two other members who shall be nominated 
by the Council and elected by the Society. Officers 
are elected by a majority vote. Vacancies shall be 
filled by the Council for the unexpired term. 

The President and Vice-President shall hold 
office for one year and are ineligible for re-election 
during the following year. The Secretary-Treas- 
urer is eligible for re-election. Councilors shall 
hold office for two years and are elected on alter- 
nate years. At the first election one Councilor shall 
be elected for a short term of one year. 


ArtTIcLE VI.—Quorum 


Section 1. Three constitute a quorum of the 
Council. The Council decides by a majority vote: 
Sec. 2. A quorum of the Society for transactio 
of business shall be one-fourth of the total me™ 
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bership. In all questions brought before the So- 
ciety a majority vote of those present shall decide, 
except as elsewhere provided for. 


Articte VII.—Annual Meeting 


Section 1. Papers shall be limited to ten min- 
utes. However, on motion and with unanimous 
consent, the time may be prolonged by a period not 
exceeding five minutes. The Council may make 
provision for longer papers on suitable occasions. 

Sec. 2. The subjects of papers must be confined 
to experimental work in pathology. In doubtful 
cases @ liberal interpretation by the President and 
Secretary may prevail. The Council may invite, 
however, presentations dealing with any subject 
which it eonsiders of considerable interest to the 
Society. 


ArTICLE VIII.—Change of Constitution 


A motion concerning a change of the Constitu- 
tion must be presented to the Council in writing 
by three members, and must be communicated to 
the members by the Secretary at least four weeks 
before the annual meeting. At this meeting such a 
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change may be established when accepted by a 
four-fifths vote of the members present. 


BY-LAWS 


1. There must be in each year at least one meet- 
ing of the Council, which shall take place not later 
than the evening before the annual meeting. 

2. At the end of the first session of the annual 
meeting the Secretary shall read the report of the 
Council. This report shall include (1) names of 
persons recommended for membership, (2) nomi- 
nations for offices, (3) matters of general interest. 
The Secretary shall exhibit in a conspicuous place 
the names of candidates for membership recom- 
mended by the Council, together with the evidence 
of the qualifications of the candidates. 

3. The election of officers and of new members, 
changes in the Constitution, etc., shall be voted 
upon at the end of the first session. 

4. Changes in the By-Laws may be determined 
by a majority vote of those present. 

5. In the year that a new Secretary-Treasurer is 
elected the incoming Council Member elected that 
year, or another member of the Council, shall 
become Assistant Secretary-Treasurer for the du- 
ration of the term of the Secretary-Treasurer. 
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THE AMERICAN INSTITUTE OF NUTRITION 


Founded April 11, 1933; Incorporated November 16, 1934 
Member of Federation 1940 


OFFICERS ELECTED 1944 


President—Ic1z G. Macy-HooBLer 

Vice-President—Wm. C. Rosz 

Secretary—ArtTuuR H. SmitTH 

Treasurer—E. M. NEuson 

Councilors—GENEVIEVE STEARNS, T. H. JuKEs 
and C, A. ELVEHJEM. 

Nominating Committee—H. A. Marriiu, Chair- 
man, N. B. Guerrant, J. C. Winters, A. A. 
Hogan, F. J. Srare. 


PAST OFFICERS 


1933 L. B. MENDEL, President; H. C. SHERMAN, 
Vice-President; J. R. Muruin, Secretary-Treas- 


wer; E. F. DuBois, M.S. Rose, Councilors. 1934 
J, R. Muruin, President; E. F. DuBots, Vice- 
President; Icrs G. Macy, Secretary; W. M. 
Boornpy, Treasurer; A. H. SmirH, AGNes Fay 
Morcan, R. M. Beruxe, Councilors. 1935 J. R. 
Muruin, President; E. F. DuBots, Vice-President; 
lez G. Macy, Secretary; G. R. Cowaiiu, Treas- 
wer; A. H. Smiru, R. M. Beruxe L. A. Maynarp, 
Councilors. 1936 E. F. DuBois, President; Mary 
Swartz Rosg, Vice-President; G. R. CowaiL1, 
Treasurer; Icre G. Macy, Secretary; R. M. 


Beruxe, L. A. Maynarp, C. A. ELvensEM, 
Councilors. 1937 Mary S. Ross, President; E. 
V. McCouuum, Vice-President; G. R. Cowei., 
Treasurer; Ic1z G. Macy, Secretary; L. A. May- 
NARD, C. A. Eivensem, P. E. Howe, Councilors. 
1938 E. V. McCo.uvum, President; T. M. Carpen- 
TER, Vice-President; G. R. Cowaiu1, Treasurer; 
L. A. Maynarp, Secretary; C. A. Eivensem, P. 
E. Hows, Hexen 8. MircHe.y, Councilors. 1939 
H. C. SHerman, President; T. M. Carpenter, 
Vice-President; G. R. Cowa1.u, Treasurer; L. A. 
Maynarp, Secretary; P. E. Howse, Heten 8. 
MitcHett, A. H. Smiru, Councilors. 1940 
THORNE M. CaRpenrTER, President; A. G. Hoaan, 
Vice-President; L. A. Maynarp, Secretary; W. 
H. SesBreE.L, Jr., Treasurer; HELEN 8S. MITCHELL, 
Arruur H. Suits, Lyp1a J. Roperts, Councilors. 
1941 A. G. Hogan, President; L. A. Maynarp, 
Vice-President; ArtHur H. Smiru, Secretary; 
W. H. Sesrewy, Jr., Treasurer; T. H. Juxns, 
Lyp1a J. Roserts, H. B. Lewis, Councilors. 
1942 L. A. Maynarp, President; H. B. Lewis, 
Vice-President; ArrHurR H. Situ, Secretary; 
W. H. Sesre tt, Jr., Treasurer; Lyp1a J. RoBEeRts, 
GENEVIEVE StTearns, T. H. Juxes, Councilors. 
1943 H. B. Lewis, President; Icts G. Macy-Hoos- 
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LER, Vice-President; AnTHuR H. Smits, Secretary; 
Lypra J. Roperts, Genevieve Stearns, T. H. 
Jukes, Councilors. 


CONSTITUTION 


1. The name of the proposed society is the 
‘(AMERICAN INSTITUTE OF NUTRITION.” 

2. The purposes of the society are to further the 
extension of the knowledge of nutrition and to 
facilitate personal contact between investigators 
in nutrition and closely related fields of interest. 

3. The management of the American Institute of 
Nutrition shall be vested in a council consisting of 
the President, Vice-President, Secretary, Treas- 
urer and three additional members. 


BY-LAWS 
ArticLe I—Membership 


Section 1. There shall be two classes of mem- 
bers, members and emeritus members. The number 
of members ‘shall be limited to 300 exclusive of 
emeritus members. 

Sec. 2. Eligibility for membership: Members. 
Qualified investigators who have independently 
conducted and published meritorious original in- 
vestigations in some phase of the chemistry or 
physiology of nutrition and who have shown a 
professional interest in nutrition for at least 5 
years shall be eligible for membership in the So- 
ciety. Emeritus Members. Members in good stand- 
ing who have reached the age of 65 years shall 
become emeritus members. A member in good 
standing and for sufficient reason may by vote of 
the Council be made an emeritus member. Emeri- 
tus members shall be entitled to vote but not hold 
office. 

Sec. 3. Nomination: Nominations for member- 
ship shall be made and seconded by members of 
the Society on blanks furnished by the Secretary. 
Nominations shall be submitted to the Council 
who shall determine eligibility and make recom- 
mendation to the Society at a regular meeting. 

Src. 4. Election to membership: A. A nominee for 
membership may be voted for by ballot at any 
meeting of the Society after the Council has re- 
ported its findings on his eligibility. B. A majority 
of the ballots cast shall elect. 

Sec. 5. Forfeiture: If a majority of the Council 
after due notice to the member in question and 
opportunity for a hearing, shall decide that the 
interests of the Society require the expulsion of a 
member, the Secretary shall send a notice of this 
decision to each member at least two weeks before 
the next annual meeting. At this meeting the Sec- 
retary shall, on behalf of the Council, propose the 
expulsion; and if two-thirds of the members pres- 
ent vote for it, the member shall be expelled, his 
assessment for the current year shal! be returned 
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to him, and he shall cease to be a member of the 
Society. 


ArticLte [I—Meetings and Quorum 


Section 1. Annual: The annual meeting of the 
Society shall be held on the date fixed by the 
Certificate of Incorporation. 

Sec. 2. Special: A special meeting may be called 
at any time by the President, or in case of his 
absence or disability, by the Vice-President, and 
must be called at the request in writing of a 
majority of the Council or fifty members of the 
Society. Notice specifying the purpose of such 
meeting shall be mailed to each member at least 
ten days previous thereto. The Council shall select 
the places at which meetings shall be held. 

Sec. 3. Quorum: Thirty members shall consti- 
tute a quorum at all meetings of the Society, but 
in the absence of a quorum any number shall be 
sufficient to adjourn to a fixed date. 


ArticLte III—Offcials 


Section 1. Officers: The officers shall be a Presi- 
dent, and a Vice-President, who shall be elected 
annually, and a Secretary and Treasurer, each of 
whom shall be elected to serve for a term of three 
years. These officers shall be elected by the mem- 
bers of the Society. Their terms of office shall com- 
mence on May 1 of the year in which they are 
elected. 

Sec. 2. Council: The officers so selected and three 
additional members, one of whom shall be elected 
at each annual meeting to serve a term of three 
years, shall constitute a Board of Trustees and 
shall be known as ‘The Council.’ (When this pro- 
vision is first put into effect one member shall 
be elected for 1 year, one for 2 years and the third 
for 3 years.) : 

Src. 3. Duties of Officers: The powers and duties 
of the officers elected by the Society shall be such 
as usually devolve upon their respective positions. 


ARTICLE IV—-The Council 


Section 1. Powers: The general management of 
the Society during the intervals between meetings 
shall be vested in the Council, which shall regu- 
larly perform the ordinary duties of an executive 
committee and possess all the powers conferred 
upon the Board of Trustees of an educational insti- 
tution chartered by the Education Department of 
the University of the State of New York. A perma- 
nent charter was issued to the American Institute 
of Nutrition under date of November 16, 1934. 

Sec. 2. Reports: The Council shall report to the 
Society its findings on the eligibility of candidates 
for membership, and on all charges of a violation 
of these By-Laws. 
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ArticLe V—Nominating Committee 


Section 1. Membership: A. The Nominating 
Committee shall consist of five members appointed 
for the coming year by the retiring President. 
Members who have served on the Nominating 
Committee for two consecutive years shall be in- 
eligible for reappointment until after a lapse of 
one year. B. The President shall designate one 
member to be Chairman of the Nominating Com- 
mittee. 

Sec. 2. Nomination of Officials: A. The Nominat- 
ing Committee shall make at least one nomination 
for each of the four offices, for each of the addi- 
tional positions on the Council to be filled by vote 
of the members and for each of the positions on the 
Editorial Board to be vacated at the time of the 
annual meeting. Any member of the Institute may 
submit nominations to the Nominating Committee 
for its consideration along with those nominations 
made by the members of the Nominating Commit- 
tee. B. The nominations by the Nominating Com- 
mittee shall be transmitted to the Secretary at 
least six weeks before the annual meeting at which 
they are to be considered. C. The Secretary shall 
send to every member, at least two weeks before 
the annual meeting, a printed ballot containing the 
list of nominees and space for such additional 
names as the member wishes to propose, and at 
the same time shall notify the members that they 
may vote by mail, returning to the Secretary the 
marked ballot in the envelope provided, at such a 
time and place as the Secretary may designate, or 
the ballot may be delivered to the Secretary at the 
beginning of the business session at which the elec- 
tions are to take place. 

Src. 3. Election of Officials: A. At the beginning 
of the business session the Secretary shall present 
to the tellers, appointed by the President, the 
ballots submitted by the members and the ballots 
shall be counted forthwith. B. A majority of votes 
tast shall be necessary to elect an official. 

Suc. 4. Filling of Vacancies: A. The Nominating 
Committee shall fill all vacancies in elective posi- 
tions except such as may occur at a meeting of the 
Society. B. The President of the Society shall fill 
ill vacancies in appointive positions. 


ArticLeE VI—Financial 


Secrion 1. Dues; The dues shall be the annual 
tost of subscription to The Journal of Nutrition 
for members plus an annual assessment which shall 
be determined by majority vote at the annual 
heetings, upon recommendation of the Council, 
and shall be due within a month after the annual 
Meeting. Emeritus members are not required to 
subscribe to The Journal of Nutrition nor to pay 
assessments other than those levied on all members 
of the Federation by its Executive Committee. 
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Sec. 2. Expenditures: No expenditures from the 
general funds of the Society except those required 
in the performance of the ordinary official duties 
shall be made except by vote of the Society or the 
Council. , 

Sec. 3. Penalty for non-payment of dues: A. 
Members in arrears for dues for two consecutive 
years shall forfeit their membership. B. Delin- 
quent members may be reinstated by the Council 
provided all indebtedness to the Society is liqui- 
dated. 


ArticLte VII—The Journal of Nutrition 


Section 1. The American Institute of Nutrition 
designates The Journal of Nutrition as its official 
organ of publication. ; 

Sec. 2. In accordance with the expressed wish of 
the Wistar Institute of Anatomy and Biology, 
owner and publisher of The Journal of Nutrition, 
the American Institute of Nutrition shall nomi- 
nate members of the Editorial Board for its official 
organ. A. The editorial management of The Jour- 
nal of Nutrition shall be vested in an Editorial 
Board consisting of an Editor and twelve Board 
Members. B. The Editor shall be chosen by the 
Editorial Board to serve a term of five years begin- 
ning May | of the year in which he is chosen, and 
shall be eligible for reélection. The Editor shall 
have the power to designate one of the Board Mem- 
bers to serve as his assistant, and such an ap- 
pointee shall be called Associate Editor. C. Three 
members of the Institute shall be nominated by the 
Nominating Committee for membership on the 
Editorial Board each year to serve a term of four 
years, replacing three retiring members and taking 
office May 1 of the year in which they are elected. 
In the event of a vacancy in the membership of the 
Editorial Board occurring through death or other 
reason, the Nominating Committee, for each such 
vacancy to be filled shall make an additional nom- 
ination. In this event the nominees elected who 
receive the greatest number of votes shall serve 
the longest term of vacancies to be filled. D. Re- 
tiring members of the Editorial Board shall not be 


, eligible for renomination until one year after their 


retirement. 


ArticLte VIII—Papers on Scientific Subjects 


Section 1. The Secretary shall be authorized 
to arrange programs for the scientific sessions at 
the annual mestings. 


ArticLE [X—Changes in Constitution and 
By-Laws 


Section 1. Proposed changes in the Constitution 
and By-Laws must bé sent in writing te the Secre- 
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tary at least one month before the date of the 
meeting at which they are to be considered, and 
must be signed by at least three members. The 
Secretary shall send a printed copy of any pro- 
posed change to each member at least two weeks 
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before the next meeting and shall notify all mem- 
bers that they may vote by proxy. 

Sec. 2. If at this meeting two-thirds of the votes 
cast shall favor the proposed change, it shall be 
made. 
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THE AMERICAN ASSOCIATION OF IMMUNOLOGISTS 
Founded June 19, 1913; Member of Federation 1942 


OFFICERS ELECTED 1942 


President—J acqueEs J. BRONFENBRENNER, Wash- 
ington University School of Medicine, St. 
Louis, Mo. 

Secretary-Treasurer—Artuur F. Coca, Pearl 
River, N. Y. 

Council—Jacques J. BRONFENBRENNER, AR- 
THUR F. Coca, Micnaet HEIDELBERGER, 620 W. 
168 St., New York City, Pau R. Cannon, Univer- 
sity of Chicago, Chicago, Ill., Kart F. Meyer, 
Medical Center, San Francisco, Cal., Grorae P. 
Berry, University of Rochester, Rochester, N. Y., 
Donatp T. Fraser, Connaught Laboratories, 
University of Toronto, Toronto, Canada, SaNrorD 
B. Hooker, (Ex officio), 80 East Concord St., Bos- 
ton, Mass., Joun F. Enpers, (Ex officio), Harvard 
University School of Medicine, Boston, Mass. 


PAST OFFICERS 


Presidents—1913 Geratp B. WEBB. 
W. Josuine. 1916 Richarp We1L. 1917 Joun A. 
Koumer. 1918 Wittram H. Park. 1919 Hans 
ZINssER. 1920 Rurus I. Coie. 1921 Freperick 
P. Gay. 1922 Greorce W. McCoy. 1923 H. 
GipEon WeEtts. 1924 Freperick G. Novy. 1925 
Witrrep H. Manwarinc. 1926 Lupvia HeExK- 
TOEN. 1927 Karu LANDSTEINER. 1928 EUGENE 
L. Orre. 1929 Oswatp T. Avery. 1930 STANHOPE 
BayneE-Jones. 1931 ALPHONSE R. Docnuez. 1932 
Avucustus B. WapswortH. 1933 THomas M. 
Rivers. 1934 Francis G. Buake. 1935 War- 
FIELD T. Lonecore. 1936 Sanrorp B. HooKer. 
1937 Cart TeENBroeck. 1938 DonaLp T. FRASER. 
1939 GeorceE P. Berry. 1940 Pau R. Cannon. 
1941 Karu F. Meyer. 1942, 1943 Jacques J. 
BRONFENBRENNER. 

Vice-Presidents—1913-1915 Grorce W. Ross. 
1915 Georce P.Sansorn. 1916 Joun A. Koumer. 

Secretary—1913-1918 Martin J. Synort. 

Treasurer—1913—1918 WiLLaRD J. STONE. 

Secretary-Treasurer—1918-date. ARTHUR FI’. Coca, 


CONSTITUTION AND BY-LAWS 
Adopted April 6, 1917 
ArticLe I 


Section 1. This Association shall be called ‘‘The 
American Association of Immunologists.’’ 
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Sec. 2. The purpose of the Association shall be 
to study the problems of immunology and its ap- 
plication to clinical medicine. 


Articie II 


Section 1. Thé Association shall be governed by 
a Council of seven, which shall consist of the 
officers of the association and enough active mem- 
bers to make a total of seven members. 

Szc. 2. The officers of the Association shall be a 
President, a Secretary, and a Treasurer, who shall 
be nominated annually by the Council, and elected 
by the Society to serve for one year. Nominations 
of officers may be made also by members of the 
Society. 

Sec. 3. No councilor is eligible for re-election 
until after one year, except the Secretary and the 
Treasurer, who are eligible for re-election. 

Sec. 4. If any councilor without good and suf- 
ficient reason fails to attend two consecutive meet- 
ings of the Council he shall be considered to have 
resigned. 

Sec. 5. The same person shall not serve as Presi- 
dent more than one year consecutively. 

Sec. 6. It is the duty of the Council to conduct 
the business of the Association and to elect the new 
members. Should a vacancy occur in the Council 
otherwise than by the expiration of the term of 
service, the Council may elect a member to serve 
for the unexpired portion of the term. 


ArtIcLe III 


Section 1. Active Members. Any one actively 
engaged in the systematic study of problems re- 
lating to immunology shall be eligible to active 
membership. 


ARTICLE IV 


Candidates for membership shall be nominated 
by two active members of the Association wh0 
shall present in writing to the Council evidence of 
the fitness of the candidates to become members of 
the Association. 


ARTICLE V 


If a majority of the Council shall decide that the 
interests of the Society require the expulsion of 4 
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member, the Secretary shall send a notice of this 
decision to each active member at least two weeks 
before the next annual meeting. At this meeting 
the Secretary shall, on behalf of the Council, pro- 
pose the expulsion; and if two-thirds of the mem- 
bers present vote for it, the member shall be 
expelled, his assessment for the current year shall 
be returned to him, and he shall cease to be a 
member of the Society. 


ARTICLE VI 


Section 1. A quorum of the Council for the 
transaction of all business shall be three. 

Sec. 2. Any number of members present at the 
time appointed for the annual meeting of the Asso- 
tiation, shall constitute a quorum. 


BY-LAWS 


1, A regular meeting of the Association shall be 
held annually at such time and place as the Council 
shall determine. 

2. Special meetings of the Association may be 
held at the discretion of the Council. 

3. These regular and special meetings shall be 
open to all members of the Association. 

4, A meeting of the Council shall be held shortly 
before each annual session of the Association. 

5. Hereafter each Councilor shall serve for a 
period of six years. Under this rule the service of 
me member and also that of the Secretary-Treas- 
wer terminates at the meeting of 1936. At that 
meeting two members shall be elected to the Coun- 
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cil, one of whom may serve as Secretary-Treasurer. 
Thereafter the period of service of these two mem- 
bers shall run concurrently; hence, two members 
must be elected to the Council every six years in 
order to maintain a membership of seven. 

6. Past Presidents are honorary members of the 
Council. 

7. The titles of all communications to be pre- 
sented before the Association shall be approved by 
the Council. 

8. Failure of an active member to offer a paper at 
least once in three years shall be equivalent to 
resignation. If in its judgment there is sufficient 
reason the Council may, in individual cases, sus- 
pend this rule. 

9. The dues of the Association shall be fixed 
annually by the Council. 

10. Failure to pay dues for three successive years 
shall constitute annulment of membership. 

11. The constitution and by-laws may be 
amended by a two-thirds vote of the active mem- 
bers present at any regular meeting. 

12. No amendment shall be adopted at the meet- 
ing at which it is proposed. 

13. The Journal of Immunology, which is the 
property and official organ of this Association, 
shall be administered for the Association by an 
editorial staff to consist of an Editor-in-Chief and 
at least three Associate Editors, with the advice of 
a Board of Editors. 

14. The members of the editorial staff shall be 
elected or may be removed by a majority vote of 
the Council of the Association. 
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ALPHABETICAL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 


The parenthesis following each listed name gives the Society affiliation and year of election: 
(1) The American Physiological Society* 
(2) The American Society of Biological Chemists 
(3) The American Society for Pharmacology and Experimental Therapeutics 
(4) The American Society for Experimental Pathology : 
(5) The American Institute of Nutrition 
(6) The American Association of Immunologists 





HONORARY MEMBERS 


Castaneda, M. Ruiz, M.D. Investigaciones Medi- 
cas, Hospital General, Mexico, D. F. Director, 
Depariment of Medical Research. (6, 1942) 

Chopra, R. N., M.A., M.D., Sc.D.(Cantab), 
F.R.C.P. (London) P.I.E. School of Tropical 
Medicine, Calcutta, India. Director; Professor 
of Pharmacology. (3, 1938) 

Dale, H.H. Medical Research Council, National 
Institute for Medical Research, Hampstead, 
London, N.W. 3, England. Director, National 
Institute for Medical Research. (3, 1926) 

Flexner, Simon, M.D., Sc.D.(hon.), LL.D. 520 
E. 86th St., New York City. Emeritus Director, 
Rockefeller Institute for Medical Research. 
(6, 1920) 

Hektoen, Ludvig, M.D. 6298S. Wood St., Chicago, 


Ill. President, Chicago Tumor Institute. (6, 
1919) 
Hitchens, Arthur P., M.D. Medical School, 


University of Pennsylvania, Philadelphia. Pro- 
fessor of Public Health and Preventive Medicine; 
Lt. Col., M.C., U.S.A. (6, 1913) 

Houssay, Bernardo A., M.D. Viamonte 2790, 
Buenos Aires, Argentina. (1, 1942) 

Huntoon, F. M., M.D. Woodbridge, Conn. 
1918) 

Lowei, Otto, M.D. New York University College 
of Medicine, 477 First Ave., New York City 
Research Professor in Pharmacology. (3, 1941) 

McCoy, George Walter, M.D. Louisiana State 
University Medical School, New Orleans. 
Director, Department of Public Health. (6, 
1916) 

Novy, Frederick G., M.D., Sc.D., LL.D. 721 
Forest Ave., Ann Arbor, Mich. Dean Emeritus 
and Professor Emeritus of Bacteriology, Medical 
School, University of Michigan. (6, 1920) 

Rosenau, Milton J.,M.D., A.M. Medicai School, 
University of North Carolina, Chapel Hill. 
Director, School of Public Health; Professor of 
Epidemiology, School of Public Health. (6, 
1918) 


(6, 


* Recommended by the Council of the American 
Physiological Society for election at the next an- 
nual meeting of the Society. 





Sherrington, Sir Charles S., O.M., Sc.D., M.D., 
F.R.S. ‘“Broomside,’”’ Valley Road, Ipswich, 
England. Former Wayneflete Professor of Physi- 
ology, Oxford University; Former President of 
the Royal Society. (1, 1904) 

Sordelli, A. Institute of Bacteriology, Depart- 
ment of Public Health, Buenos Aires, Argentina. 


Director. (6, 1942) 
Straub, Walther, M.D. University of Munich, 
Germany. (3, 1927) 
MEMBERS 


Abels, Jules C., M.D. Memorial Hospital, 444 E. 
68th St., New York City. Assistant Attending 
Physician. (4, 1944) 

Abramson, David Irwin, M.D. Percy Jones Gen- 


eral Hospital, Springfield, Mo. Captain, Medical 
Corps. (1, 1937) 
Abramson, Harold A., M.D. 133 E. 58th S&t., 


New York City. Assistant Professor of Physi 
ology, College of Physicians and Surgeons, 
Columbia University. (1, 1930; 2, 1934) 

Abreu, Benedict E., M.S., Ph.D., Division of Phar 
macology, Univ. of California Medical School 
San Francisco. Assistant Professor of Pharma 
cology. (3, 1941) 

Acheson, George H., M.D. Harvard Medical 
School, 25 Shattuck St., Boston, Mass. Associate 
in Pharmacology. (1, 1942) 

Adams, Mildred, M.A., Ph.D. Takamine Labora 
tory, Clifton, N. J. Research Chemist. ( 
1934) 

Adams, R. Charles, M.D., C.M., M.S. (Anes 
thesiology), Mayo Clinic, Rochester, Min 
Instructor in Anesthesia, Mayo Foundation 
University of Minnesota. Member of May 
Clinic Staff, Section on Anesthesia. (3, 1942) 

Adams, W. Lloyd, M.A., Ph.D. Albany Medics 
College, 357 Morris St., Albany, N. Y. Assista 
Professor of Physiology and Pharmacology 
(3, 1942) : 

Addis, Thomas, M.D., M.R.C.P. Lane Hospital 
San Francisco, Calif. Professor of Medicint 
Stanford University. (1, 1922) 

Addison, William H. F., M.D. School of Medi 
cine, University of Pennsylvania, Philadelphit 
Professor of Histology and Embryology. (! 
1928) 
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\dler, Harry F., M.S., Ph.D.* Northwestern Uni- 
versity Medical School, 303 E. Chicago Ave., 
Chicago, Ill. Instructor in Physiology. (1, 1943) 

Adolph, Edward Frederick, Ph.D. School of 
Medicine and Dentistry, University of Rothes- 
ter, Rochester, N. Y. Associate Professor of 
Physiology. (1, 1921) 

i\dolph, William H., Ph.D., 119 Eddy St., Ithaca, 
N.Y. (5, 1934) 

Albanese, Anthony A., Ph.D. The Johns Hopkins 
Hospital, Baltimore, Md. Associate in Pediatrics, 
Department of Pediatrics, The Johns Hopkins 
University. (2, 1944) 

\lbritton, Errett C., M.D. George Washington 
University Medical School, 1339 H St., N.W., 
Washington, D.C. Professor of Physiology and 
Head of the Department of Physiology. (1, 1933) 

Charles Robert, Ph.D.* University of 
Texas, School of Medicine, Galveston. Assistant 
Professor of Department of Anesthesiology. (1, 
1943) 

illen, Frank N., M.D. Lahey Clinic, 605 Com- 
monwealth Ave., Boston, Mass. Co-director of 
the Medical Department. (4, 1930) 

lllen, Frederick M., M.D. 1031 Fifth Ave., 


New York City. Professor of Medicine, Poly- 
clinic Medical School and Hospital. (1, 1924; 
4, prior to 1920) , 

en, J. Garrott, M.D.* University of Chicago, 
University Clinics, Chicago, Ill. Instructor in 


Surgery. (1, 1943) 
lllen, Lane, M.S., Ph.D., M.D. University of 
Georgia School of Medicine, University Place, 
Augusta. Associate Professor of Anatomy. 
(1, 1989) 

en, Willard M., M.D. Washington University 
‘School of Medicine, 630 S. Kingshighway Blvd., 
St. Louis, Mo. Professor of Obstetrics and 
Gynecology. (1, 1934) 

en, William F., Ph.D. University of Oregon 
Medical School, Portland. Professor of Anat- 
omy. (1, 1929) 

es, Gordon A., M.S., Ph.D. 770 8. Arroyo 
Parkway, Pasadena, Calif. Lecturer in Phar- 
macology, University of California Medical 
School, San Francisco, and Research Associate 
in Biology, California Institute of Technology, 
Pasadena. (1, 1932; 3, 1941) 
mquist, Herman J., Ph.D. F. E. Boothby Labo- 
tatories, 1290 Powell St., Emeryville, Calif. 
Director of Poultry Husbandry, University of 
California. (2, 1987; 5, 1937) 

varez, Walter C., M.D. Mayo Clinic, Roches- 
ter, Minn. Professor of Medicine, Mayo Foun- 
dation. (1, 1917; 3, 1921) 
‘ving, Alf Sven, M.D. Billings Hospital, Uni- 
versity of Chicago, 950 E. 59th St., Chicago, Ill. 
Associate Professor of Medicine. (1, 1939) 
berg, Samuel, M.D., F.A.A.P. Mayo Clinic, 
Rochester, Minn. Associate in Pediatrics, Mayo 
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Clinic; Associate Professor of Pediatrics, Mayo 
Foundation (1, 1903; 2, 1906; 3, 1909) 

Amberson, William R., Ph.D. University of 
Maryland School of Medicine, Baltimore. Pro- 
fessor of Physiology. (1, 1924) 

Ambrose, Anthony M., M.S., Ph.D. Western Re- 
gional Research Laboratory, 800 Buchanan St., 
Albany, Calif. Associate Pharmacologist, U. S. 
Department of Agriculture, Bureau of Agricul- 
tural Chemistry and Engineering. (3, 1937) 

Amoss, Harold L., M.D.,M.S., Dr.P.H.,Se.D. 21 
Field Point Road, Greenwich,Conn. (4, 1922;6, 
1917) 

Andersch, Marie A., Ph.D. University Hospital, 
Baltimore, Md. Biochemist, University Hospital, 
Instructor in Medicine, University of Maryland. 
(2, 1940) i 

Andersen, Dorothy H., M.D. Babies Hospital, 
Broadway and 167th St., New York City. 
Associate in Pathology, Columbia University. 
(4, 1935) 

Anderson, Evelyn M., M.A., M.D. University of 
California Hospital, San Francisco. Assistant 
Professor of Medicine. (1, 1934) 

Anderson, Hamilton H., M.S., M.D. Pharma- 
cology Laboratory, Univ. of California Medical 
School, San Francisco. Professor of Pharma- 
cology. (3, 1931) 

Anderson, Oscar Daniel, Ph.D. Stimson Hall, 
Cornell University, Ithaca, N. Y. Assistant 
Professor of Physiology. (1, 1939) 

Anderson, Rudolph J., Ph.D. Sterling Labora- 
tory, Yale University, New Haven, Conn. 
Professor of Chemistry. (2, 1915) 

Anderson, W. A. D., M.A., M.D. St. Louis Uni- 
versity School of Medicine, St. Louis, Mo. 
Associate Professor of Pathology. (4, 1941) 

Anderson, William E., M-:A. Eastern State 
Farmers’ Exchange, Westbrook Farm, Rockville, 
Conn. Biochemist. (2, 1931; 5, 1933) 

Andervont, H. B., Sc.D. National Cancer Insti- 
tute, Bethesda, Md. Principal Biologist, U.S. 
Public Health Service. (4, 1939) 

Andrews, James C., Ph.D. University of North 
Carolina, Chapel Hill. Professor of Biological 
Chemistry and Nutrition. (2, 1925) 

Andrus, E. Cowles, M.D. Johns Hopkins Hospi- 
tal, Baltimore, Md. Assistant Visiting Physi- 
cian; Associate Professor of Medicine, Johns 
Hopkins University. (1, 1925) 

Angerer, Clifford, Ph.D.* Ohio State University, 
Columbus. Instructor in Physiology. (1, 1943) 
Angevine, D. Murray, M.D. Alfred I. du Pont 
Institute, Wilmington, Del. Pathologist; Visit- 
ing Assistant Professor of Pathology, University 

of Pennsylvania. (4, 1940) 

Angier, Roswell Parker, Ph.D. c/o Los Ranchos 
Perkins, Tucson, Ariz. Professor of Psychovogy, 
Yale University. (1, 1906) 
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Ansbacher, Stefan, M.S., D.Sc. American Home 
Products Corp., Products Development Laby., 
350 Fifth Ave., New York City. Scientific Direc- 
tor. (2, 1939) 

Anson, Mortimer L., Ph.D. 25 Central Park West, 
New York City. Continental Foods, Inc., Hobo- 
ken, N. J. Director of Biochemical Research. 
(2, 1937) 

Apperly, Frank L., M.A., D.Se., M.D., F.R.C.P. 
Medical College of Virginia, Richmond. Profes- 
sor of Pathology. (4, 1936) 

Arkin, Aaron, M.A., M.D., Ph.D. Suite 2006, 
25 E. Washington St., Chicago, Ill. Professor of 
Medicine, Rush Medical College, Univ. of Chi- 
cago; Professor and Chairman, Dept. of Medicine, 
Cook County Graduate School. (1, 1914; 3, 1919) 

Armstrong, W. D., M.S., M.D., Ph.D. Medical 
Sciences Bldg., University of Minnesota, Min- 
neapolis. Professor of Physiological Chemistry. 
(2, 1938) 

Arnold, Lloyd, A.M., M.D. 1538 E. 57th St., 
Chicago, Ill. (4, 1930; 6, 1925) 

Arnow, L. Earle, Ph.D., M.D. Medical Research 
Division, Sharp and Dohme, Glenolden, Pa. 
Director of Research. (2, 1940) 

Aronson, Joseph D., M.D. Associate Professor of 
Bacteriology, Phipps Institute, University of 
Pennsylvania; Lt. Col., M.C., 361st Med. Com- 
posite Detachment (Lab.) Camp Ellis, Ill. 
(4, 1927; 6, 1925) 

Artom, Camillo, M.D. Bowman Gray School of 
Medicine, Winston-Salem, N. C. Professor of 
Biochemistry. (2, 1944) 

Ascham, Leah, Ph.D. Kansas State College, 
Manhattan. Associate Professor, School of 
Home Economics. (5, 1935) 

Asenjo, Conrado F., Ch.E., M.S., Ph.D. Dept. of 
Chemistry, School of Tropical Medicine, Box 
4509, San Juan, Puerto Rico. Assistant Professor 
of Chemistry and Acting Head of Department, 
School of Tropical Medicine of the University of 
Puerto Rico under the Auspices of Columbia 
University. (2, 1944) 

Ashby, Winifred M., Ph.D. 305 10th St., N.E., 
Washington, D. C. Senior Scientist, Federal 
Security Agency (St. Elizabeth’s Hospital). 
(6, 1923) 

Ashman, Richard, M.S., Ph.D. School of Medi- 
cine, Louisiana State University, New Orleans. 
Professor of Physiology. (1, 1925) 

Astwood, Edwin Bennet, M.D., C.M., Ph.D. 
Harvard Medical School, 25 Snattuck St., Bos- 
ton, Mass. Assistant Professor of Pharmaco- 
therapy. (1, 1939) 

Aub, Joseph C., M.D. Collis P. Huntington 
Memorial Hospital, 695 Huntington Ave., 
Boston, Mass. Associate Professor of Medicine, 
Harvard Medical School. (1, 1919; 5, 1933) 


FEDERATION PROCEEDINGS 


Auer, John, M.D. 14028. Grand Blvd., St. Louis 
Mo. Professor of Pharmacology and Directomm 
of the Department, St. Louis University Schoo 
of Medicine. (1, 1905; 3, 1908) 

Austin, J. Harold, M.D. 711 Maloney. Clinic 
36th and Spruce Sts., Philadelphia, Pa. Direc. 
tor, Pepper Laboratory. (2, 1922) 

Austin, Richard Sisson, M.D. Cincinnati Gener 
Hospital, University of Cincinnati, Cincinnati 
O. Professor of Pathology. (4, 1927) : 

Avery, O. T., M.D., Se.D., LL.D. Hospital off”. 
the Rockefeller Institute, 66th St. and York 
Ave., New York City. Member Emeritus 
Rockefeller Institute for Medical Research, 
(4, 1921; 6, 1920) 

Axtmayer, Joseph H., A.M., Ph.D. School of 
Tropical Medicine, San Juan, Porto Rico 
Associate Professor of Chemistry. (5, 1935) 

Babkin, B. P., M.D., D.Sc., F.R.8.C. McGi 
University, Montreal, Canada. Professor ¢ 
Physiology. (1, 1924) 

Bachem, Albert, Ph.D. College of Medicine 
University of Illinois, 1853 W. Polk St., Chicago 
Professor of Biophysics. (1, 1933) 

Bachman, Carl, M.D. Mobile Hospital No. 5, 
c/o Fleet P. O., San Francisco, Calif. Lieu, 
Commander. (2, 1941) 

Bachmann, George, M.S., M.D., F.A.C.P. 108 
Lullwater Road, N.E., Atlanta, Ga. Professor 9 
Physiology, Emory University School of Medi- 
cine. (1, 1912) 

Baer, Erich,Ph.D. Banting Institute, 100 College 
St., Toronto, Canada. Assistant Research Pro 
fessor of Organic Chemistry, University oj 
Toronto. (2, 1942) 

Baernstein, Harry D., M.S., Ph.D. Nation 
Institute of Health, Bethesda, Md. Biochemist. 
(2, 1984) 

Baetjer, Anna M., D.Sc. Johns Hopkins School 
of Hygiene and Public Health, 615 N. Wolfe St. 
Baltimore, Md. Associate in Physiology. (I, 
1929) 

Bahrs, Alice M., M.A., Ph.D. The Martha Wash 
ington Hotel, 10th and Montgomery Sts., Port 
land, Ore. (1, 1933) 

Bailey, Cameron Vernon, M.D., C.M. 303 E 
20th St., New York City. Clinical. Professor 0 
Medicine, New York Post-Graduate Medica 
School, Columbia University. (2, 1920; 5, 1933) 

Bailey, Orville T., M.D. Harvard University 
Medical School, 25 Shattuck St., Boston, Mass 
Associate in Pathology. (4, 1939) 

Bailey, Percival, M.D., Ph.D. University 0 
Illinois College of Medicine, 912 S. Wood St. 
Chicago. Professor of Neurology and Neuro 
surgery. (1, 1941) 

Baitsell, George Alfred, A.M., Ph.D. Yale 
Station, New Haven, Conn. Professor of Biol 
ogy, Yale University. (1, 1915) 



































— maker, A. B., M.D. University of Minnesota 
seine Medical School, 126 Millard Hall, Minneapolis. 


Associate Professor of Neuropsychiatry and 
Neuropathology. (4, 1940) 

haker, Roger D., M.D. Duke Hospital, Durham, 
N. C. Associate Professor of Pathology in Charge 
of Surgical Pathology, Duke University Medical 
School; Associate Pathologist, Duke Hospital. 
(4, 1939) 

baldes, Edward J., A.M., Ph.D. Mayo Founda- 
tion, Rochester, Minn. Assistant Professor of 
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aldwin, Francis Marsh, A.M.,Ph.D. University 
of Southern California, Los Angeles. Professor 
of Zoology and Director of Experimental Marine 
Biology. (1, 1919) . 
ale, William F., Ph.D.* University of Rochester, 
School of Medicine and Dentistry, Rochester, 
N. Y. Associate in Radiology. (1, 1943) 
, Eric G., M.A., Ph.D. Harvard Medical 
School, Boston, Mass. Associate Professor of 
Biological Chemistry. (2, 1934) 
], Howard A.,M.D. San Diego County General 
Hospital, N. Front St., San Diego, Calif. Path- 
ologist, San Diego County General and Paradise 
om Valley Hospitals. (4, 1937) - 
Biuls, Arnold Kent, Ph.D. Enzyme Research Lab- 

a oratory, U. S. Bureau of Agricultural and In- 
dustrial Chemistry, Western Regional Research 
laboratory, 800 Buchanan St., Albany 6, Calif. 
Head Chemist; Adjunct Professor, The George 
Washington University (on leave). (2, 1932) 
nus, Mario Garcia, M.Sc., D.Sc. Tufts College 
Medical School, Boston, Mass. Associate Pro- 
fessor of Physiology. (1, 1927) 
i, Philip, A.M., Ph.D. Johns Hopkins Uni- 
versity School of Medicine, 710 N. Washington 
§t., Baltimore, Md. Professor of Physiology; 
Member National Academy of Sciences. (1, 1929) 
kan, Georg, M.D., Dr. habil. 80 E. Concord 
8t., Boston, Mass. Former Professor of Pharma- 
cology and Director of the Pharmacological 
Institute, Univ. of Dorpat (Estonia); Assistant 
03 E Professor of Biochemistry, Boston. University 
all School of Medicine. (3, 1939) 
>. geuker, S. B., Ph.D. College of Medicine, State 
University of Iowa, Iowa City. Assistant Pro- 
fessor of Physiology. (1, 1938) 
ow, O. W., Ph.D., M.D. Nutrition Research 
laboratories, 4210 Peterson Ave., Chicago, III. 
Medical and Research Director. (1, 1936; 3, 
1944) 
hes, B. O., A.M., Ph.D. 2220 S. St. Paul, 
Denver, Colo. Professor of Health Education, 
University of Denver. Station Hospital, KAAF, 
Kingman, Ariz. (1, 1932) 

tes, LaVerne A., M.S., PhD. 5515 Maple Ave., 
Bethesda, Md. Lieutenant, H-V(S), U.S.N.R. 
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(Epidemiology and Sanitation Unit, National 
Naval Medical School). (6, 1931) 

Barnes, Richard Henry, Ph.D. Dept. of Physi- 
ology, University of Minnesota, Minneapolis. 
Assistant Professor, Physiological Chemistry. 
(2, 1941; 5, 1944) 

Barnes, Thomas C., D.Sc. Hahnemann Medical 
College, Philadelphia, Penna. Associate Profes- 
sor of Physiology. (1, 1942) 

Barott, Herbert G., E.E. U.S. Department of 
Agriculture, National Agricultural Research 
Center, Beltsville, Md. Biophysicist, Animal 
Nutrition Division, Bureau of Animal Industry. 
(5, 1938) 

Barrera, S. Eugene, M.D. Albany Medical College, 
New Scotland Ave., Albany, N. Y. (1, 1937) 
Barron, Donald H., M.S., Ph.D., M.A. (Cam- 
bridge)* Yale University School of Medicine, 
New Haven, Conn. Associate Professor of Phys- 

tology. (1, 1943) 

Barron, E. 8S. Guzman, M.D. Department of 
Medicine, University of Chicago, Chicago, Ill. 
Associate Professor of Biochemistry. (2, 1931) 

Bartley, S. Howard, Ph.D. Dartmouth Eye 
Institute, Dartmouth College, Hanover, N. H. 
Assistant Professor of Research in Physiological 
Optics. (1, 1935) 

Bass, Allan D., M.S., M.D. c/o G. C. Thompson, 
Manchester, Ga. Professor of Pharmacology, 
Syracuse University. On leave of absence in the 
Service. (3, 1944) 

Batchelder, Esther L., A.M., Ph.D. Rhode Island 
State College, School of Agriculture and Home 
Economics, Kingston. Head of Department of 
Home Economics. (5, 1933) 

Bates, Robert W., Ph.D. Difco Laboratories, 
Inc., 920 Henry St., Detroit, Mich. Biochemist. 
(2, 1936) 

Batterman, Robert C., M.D. New York Univer- 
sity College of Medicine, 477 First Ave., New 
York City. Instructor in Therapeutics. (3, 
1941) 

Baudisch, Oskar, Ph.D. Saratoga Springs, N. Y. 
Director of Research, Saratoga Springs Author- 
ity, State of New York. (2, 1931) 

Bauer, Johannes H., M.D. Rockefeller Founda- 
tion, 49 W. 49th St., New York City. Member 
of Staff, International Health Division of the 
Rockefeller Foundation. (4, 1935) 

Bauer, Walter, M.D. Massachusetts General 
Hospital, Boston. Associate Professor and Tu- 
tor in Medicine, Harvard Medical School; 
Colonel, MC, Army Service Forces Hq. 8th Service 
Command, Dallas, Texas. (1, 1929) 

Bauman, Louis, M.D. Presbyterian Hospital, 
New York City. Assistant Professor of Clinical 
Medicine, Columbia University. (2, 1912) 

Baumann, Carl A., M.S., Ph.D. Biochemistry 
Dept., University of Wisconsin, Madison. 
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Associate Professor of Biochemistry. (2, 1938; 
5, 1938) 

Baumann, Emil J., Ph.D. 7 Church Lane, Scars- 
dale, N. Y. Chemist, Montefiore Hospital. (2, 
1922) 

Baumberger, J. Percy, M.S., Se.D. Stanford 
University, Calif. Professor of Physiology. 
(1, 1921) 

Bayne-Jones, Stanhope, M.D. Yale University, 
School of Medicine, New Haven, Conn. Pro- 
fessor of Bacteriology. (4, 1927; 6, 1917) 

Bazett, Henry C., M.A., M.D., F.R.C.S. Uni- 
versity of Pennsylvania, School of Medicine, 
Philadelphia. Professor of Physiology. (1, 
1921) 

Beach, Eliot F., Ph.D. 2nd Port Headquarters, 
Surgeon’s Office, APO 322, San Francisco, Calif. 
Captain, Sanitary Corps. (2, 1941; 5, 1942) 

Bean, John W., M.S., Ph.D., M.D. University 
of Michigan, Ann Arbor. Associate Professor of 
Physiology. (1, 1932) 

Beard, Howard H., M.A., Ph.D. 1542 Tulane 
Ave., New Orleans, La. Professor of Bio- 
chemistry, Louisiana State University Medical 
Center. (2, 1928; 5, 1933) 

Beard, Joseph W., M.D. Duke Hospital, Durham, 
N. C. Associate Professor of Surgery. (4, 1938; 
6, 1940) 

Beazell, James Myler, Ph.D., M.D. 2118 Hayden, 
Amarillo, Texas. Captain, MC, AUS; Instructor 
in Physiology and Pharmacology, Northwestern 
University School of Medicine. (1, 1939) 

Beck, Claude S.,M.D. Lakeside Hospital, Cleve- 
land, O. Professor of Neurosurgery, Western 
Reserve University; Associate Surgeon, Lakeside 
Hospital. (4, 1930) 

Beck, Lyle V., M.S., Ph.D. Hahnemann Medical 
College, 235 N. 15th St., Philadelphia, Pa. 
Associate Professor of Physiology. (1, 1941) 

Becker, Ernestine, M.A. Johns Hopkins Univer- 
sity, Baltimore, Md. Associate in Biochemistry. 
(5, 1938) 

Becker, R. Frederick, M.S., Ph.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, Ill. Instructor in Anatomy. (1, 1941) 

Becker, Theodore J., M.A., Ph.D. Winthrop 
Chemical Co., Rensselaer, N. Y. Research 
Pharmacologist. (3, 1944) 

Beckman, Harry, M.D. Marquette University 
School of Medicine, Milwaukee, Wis. Professor 
and Director of the Department of Pharmacology. 
(3, 1937) 

Beecher, Henry K., M.D. Massachusetts General 
Hospital, Boston. Dorr Professor of Research in 
Anaesthesia, Harvard Medical School; Anes- 
thetist-in-Chief, Massachusetts General Hospital. 
(3, 1940) 

Behre,: Jeanette Allen, Ph.D. Department of 
Biochemistry, College of Physicians and Sur- 


geons, 630 W. 168th St., New York City. Associ- 
ate. (2, 1925) 

Belding, David L., M.D. Boston University 
School of Medicine, Boston, Mass. Professor of 
Bacteriology and Experimental Pathology. (4, 
1927) 

Bell, E.T., M.D. 110 Anatomy Bldg., University 
of Minnesota, Minneapolis. Professor of Path- 
ology. (4, 1931) 

Benedict, Francis Gano, Ph.D., Sc.D., M.D. 
Machiasport, Me. Former Director of the Nutri- 
tion Laboratory of the Carnegie Institution of 
Washington; Member of the National Academy 
of Sciences. (1, 1904; 2, 1906) 

Bennett, A. Lawrence, Ph.D., M.D. College of 
Medicine, University of Nebraska, Omaha. 
Professor of Physiology and Pharmacology. 
(1, 1941) 

Bennett, Granville A., M.D. University of Illinois 
College of Medicine, 1853 West Polk Street, 
Chicago. Professor of Pathology. (4, 1931) 

Bennett, Mary Adelia, M.A., Ph.D. Lankenau 
Hospital Research Institute, Philadelphia, Pa. 
Research Biochemist. (2, 1941) 

Benson, Clara C., Ph.D. 157 Bloor St., W., 
Toronto, Canada. Professor of Food Chemistry, 
University of Toronto. (2, 1906) 

Berg, Benjamin N., M.D. 630 W. 168th St., 
New York City. Associate in Pathology, 
Columbia University, College of Physicians and 
Surgeons. (4, 1928) 

Berg, Clarence P., M.A., Ph.D. Chemistry De- 
partment, State University of Iowa, Iowa City. 
Associate Professor of Biochemistry. (2, 1933; 
5, 1936) 

Berg, William N., Ph.D. 225 W. 106th St., New 
York City. Biochemist. (2, 1906) 

Bergeim, Olaf, M.S., Ph.D. 1853 W. Polk St., 
Chicago, Ill. Associate Professor of Phystologi- 
cal Chemistry, University of Illinois College of 
Medicine. (1, 1916; 2, 1914, 5, 1933) 

Bergmann, Werner, Ph.D. Sterling Chemistry 
Building, Yale University, New Haven, Conn. 
Associate Professor. (2, 1934) 

Berkson, Joseph, M.A., M.D., D.Sc. 2141 Eye St., 
N.W., Washington, D. C. Associate Professor, 
Biometry and Medical Statistics, Mayo Founda- 
tion, University of Minnesota. Col. AUS. (I, 
1933) 

Bernheim, Frederick, Ph.D. Box 3109, Duke 
Medical School, Durham, N. C. Associate 
Professor of Physiology and Pharmacology. 
(2, 1933; 3, 1935) 

Bernthal, Theodore G., M.S., M.D. Vanderbilt 
University School of Medicine, Nashville, Tenn. 
Associate Professor of Physiology. (1, 1932) 

Berry, George Packer, M.D. University of 
Rochester, Rochester, N. Y. Assistant Dean; 
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Professor of Bacteriology; Associate Professor of 

Medicine. (4, 1938; 6, 1934) 

Bessey, Otto A., Ph.D. Public Health Research 
Institute of the City of New York, Inc., foot 
of E. 15th St., New York. Chief, and Direc- 
tor, Division of Nutrition and Physiology. (2, 
1938 ; 5, 1943) 

Best, Charles Herbert, M.A., M.D., D.Sc. (Lon- 
don), D.Se. (Chicago), F.R.S. University of 
Toronto, Toronto, Ont., Canada. Director, 
Banting and Best Department of Medical Re- 
search and Department of Physiology. (1, 1923; 


Bethell, Frank H., M.D. 409 Lenawee Drive, 
Ann Arbor, Mich. Assistant Professor of Inter- 
nal Medicine and Assistant Director of the 
Thomas Henry Simpson Memorial Institute. 

1 (4, 1936) 

Bethke, Roland M., M.S., Ph.D. Ohio Agricul- 
tural Experiment Station, Wooster. In Charge 
of Nutritional Investigations. (2, 1928; 5, 1933) 

Beutner, R., M.D., Ph.D. 235 N. 15th St., 
Philadelphia, Pa. Professor and Head of De- 
partment of Pharmacology, Hahnemann Medical 
College. (1, 1924; 3, 1924) 

Beyer, Karl H., Ph.D., M.D. Medical-Research 
Division, Sharp and Dohme, Inc., Glenolden, 
Pa. Director of Pharmacological Research. 
(1, 1942; 3, 1944) 

Bieter, Raymond N., M.D., Ph.D. University of 
Minnesota, Minneapolis. Professor of Phar- 
macology. (3, 1930) 

Bills, Charles E., M.A., Ph.D. Mead Johnson & 
Co., Evansville, Ind. Director of Research. (2, 
1928; 5, 1935) 

Bing, Franklin C., Ph.D. 1135 Fullerton Ave., 
Chicago, Ill. Director, American Institute of 
Baking; Assistant Professor of Physiology, 
Northwestern University Medical School. (2, 
1931; 5, 1934) 

Bing, Richard J., M.D. The Johns Hopkins Hos- 
pital, Dept. of Medicine, Baltimore, Md. Jn- 
structor in Medicine, Associate Physician to the 
Johns Hopkins Hospital. (1, 1942) 
binger, Carl A., M.D. 125 E. 73rd St., New York 
City. Assistant Professor of Clinical Medicine 
(Psychiatry), Cornell University Medical College. 
(l, 1927) 
inkley, Stephen Bennett, M.S., Ph.D. Research 
Department, Parke, Davis & Co., Detroit, 
Mich. (2, 1941) 
lishey, Bertha, A.M., Ph.D. Gwynn Hall, 
University of Missouri, Columbia. Professor of 
Home Economics. (5, 1933) 
ischoff, Fritz E., M.S., Ph.D. Cottage Hospital, 
Santa Barbara, Calif. Director of Research. 
2, 1928; 5, 1933) 
shop, George H., Ph.D. Washington Univer- 
tity Medical School, Euclid and Kingshighway, 
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St. Louis, Mo. 
1923) 

Biskind, Gerson R., M.D. Mt. Zion Hospital, 
San Francisco, Calif. Pathologist, Mt. Zion 
Hospital; Clinical Instructor in Pathology, 
University of California Medical School. (4, 

1944) 

Black, Edgar C., Ph.D.* Dept. of Physiology, 
Dalhousie Univ., Halifax, Nova Scotia, Canada. 
(1, 1943) 

Blair, Edgar A., M.S., Ph.D. U. S. Army, General 
Section T.I.S8., Fort Benning, Ga. Lt. Col. (1, 
1936) 

Blair, Henry A., M.Sc., Ph.D. University of 
Rochester School of Medicine and Dentistry, 
Rechester, N. Y. Associate Professor of Physi- 
ology. (1, 1934) 


Professor of Bio-Physics. (I, 


. Blake, Francis G., M.D., M.A. (hon.), Se.D. 


Yale University School of Medicine, New Haven, 
Conn. Deanand Sterling Professor of Medicine. 
(4, prior to 1920; 6, 1921) 

Blankenhorn, M. A., M.D. University of Cin- 
cinnati, Cincinnati, O. Professor of Medicine. 
(4, 1932) 

Blatherwick, Norman R., M.S., Ph.D., Sc.D. 
Metropolitan Life Ins. Co., 1 Madison Ave., 
New York City. Director of Biochemical 
Laboratory. (1, 1915; 2, 1915; 5, 1934) 

Blau, Nathan F., Ph.D. American Ferment Com- 
pany, 942 Prospect St., Trenton, N. J. Chief 
Chemist. (2, 1928) 

Blish, Morris J., M.A., Ph.D. Amino Products 
Company, Rossford, O. Research Director, Divi- 
sion of International Minerals and Chemical 
Corp. (2, 1944) 

Bliss, Chester Ittner, Ph.D. Conn. Agr. Expt. 
Sta., P. O. Box 1106, New Haven. Biometrician, 
Lecturer in Biometry, Yale University. (3, 
1944) 

Bliss, Eleanor A., Sc.D. Department of Preven- 
tive Medicine, Johns Hopkins Hospital, 615 
N. Wolfe St., Baltimore, Md. Associate in 
Preventive Medicine, Johns Hopkins University, 
School of Medicine. (6, 1931) 

Biiss, Sidney, Ph.D. Tulane University, New 
Orleans, La. Professor of Biochemistry, School 
of Medicine. (2, 1928) 

Bloch, Konrad, Ph.D. 630 W. 168th St., New York, 
N. Y. Instructor in Biochemistry, Columbia 
University. (2, 1944) 

Block, Richard J., Ph.D. 15 Cooper Rd., Scarsdale, 
N. Y. Director of Research, C. M. Armstrong 
Co.; Associate, Department of Physiology and 
Biochemistry, New York Medical College, Flower 
and Fifth Avenue Hospital. (2, 1934; 5, 1933) 

Block, Walter D., M.S., Ph.D. University Hos- 
pital, Ann Arbor, Mich. Instructor in Biologi- 
cal Chemisiry, Rackham Arthritis Research 
Unit. (2, 1942) 
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Bloom, William, M.D. 1419 E. 56th St., Chicago, 
Ill. Professor of Anatomy, University of Chi- 
cago. (4, 1930) 

Bloomfield, A. L., M.D. Stanford University 
Hospital, San Francisco, Calif. Professor of 
Medicine. (3, 1927; 4, 1927) 

Bloor, W. R., A.M., Ph.D. School of Medicine 
and Dentistry, University of Rochester, Roch- 
ester, N. Y. Professor of Biochemistry. (1, 
1915; 2, 1910) 

Blum, Harold F., Ph.D. Naval Medical Research 
Institute, National Naval Medical Center, 
Bethesda, Md. Principal Biologist (Biophysics). 
(1, 1928) 

Blumberg, Harold, D.Sc. The Johns Hopkins 
University, Baltimore, Md. Research Bio- 
chemist. (5, 1942) 

Blumenstock, Julius, M.D. 530 Larkin St., San 
Francisco, Calif. Captain, Medical Corps. (I, 
1925) 

Blumgart, Herrmann L., M.D. Beth Israel Hos- 
pital, 330 Brookline Ave., Boston, Mass. Asso- 
ciate Professor of Medicine, Harvard Medical 
School; Lt. Col., M.C., Hdgtrs., 2nd Service 
Command, Governor’s Island, N. Y. (1, 1927) 

Blunt, Katharine, Ph.D., LL.D. 38 Glenwood 
Ave., New London, Conn. President Emeritus, 
Connecticut College for Women. (2, 1921) 

Bock, Joseph C., Ch.E., Ph.D. 2324 N. 46th St., 
Milwaukee, Wis. Professor Emeritus of Bio- 
chemistry, Marquette University Medical School. 
(2, 1916) 

Bodansky, Aaron, Ph.D. Hospital for Joint Dis- 
eases, 1919 Madison Ave., New York City. 
Biological Chemist. (2, 1926) 

Bodansky, Oscar, M.D., Ph.D. Medical Research 
Laboratory, Edgewood Arsenal, Md. Major, 
Medical Corps; Chief, Biochemistry Section, 
Medical Research Laboratory, Medical Division, 
Chemical Warfare Service. (2, 1937; 3, 1942) 

Bodine, Joseph Hall, Ph.D. State University of 
Iowa, Iowa City. Professor and Head of De- 
partment of Zoology. (1, 1925) 

Boell, Edgar J., Ph.D. Osborn Zoological Labora- 
tory, Yale University, New Haven, Conn. 
Associate Professor of Biology. (1, 1942) 

Bogert, L. Jean, Ph.D. Hotel Claremont, Berkeley, 
Calif. (2, 1917) 

Bogert, Marston Taylor, Sc.D., LL.D., R.N.D. 
Columbia University, New York 27, N. Y. Pro- 
fessor Emeritus of Organic Chemistry; Member. 
National Academy of Sciences. (2, 1925) 

Bolliger, Adolph, Ph.D. Gordon Craig Research 
Laboratories, University of Sydney, Sydney, 
Australia. Director of Research. (2, 1928) 

Bollman, J. L., M.D. Mayo Clinic, Rochester, 
Minn. Associate in Division of Experimental 
Surgery and Pathology, Mayo Clinic; Professor 


of Physiology, Mayo Foundation, University of 
Minnesota. (4, 1927) 

Bond, Glenn C., Ph.D., M.D. The Upjohn Co., 
Research Laboratories, Kalamazoo, Mich. (6, 
1939) 

Booher, Lela E., Ph.D. General Mills, Inc., Min. 
neapolis, Minn. Chief, Nutritionist. (2, 1933; 
5, 1933) 

Bookman, Samuel, M.A., Ph.D. 624 Madison 
Ave., New York City. Consulting Chemist, Mt. 
Sinai Hospital. (2, 1912) 

Boor, Alden K., M.S., Ph.D. Department of Medi- 
cine, University of Chicago, Chicago, II]. Assist. 
ant Professor of Biochemistry. (2, 1931) 

Boothby, W. M., M.D., M.A., F.A.C.S. Metab. 
olism Laboratory, The Mayo Clinic, Rochester, 
Minn. Chief of Section of Clinical Metabolism 
in Division of Medicine, Mayo Clinic; Professo 
of Experimental Metabolism, Mayo Foundation, 
University of Minnesota; Chairman, May 
Aero-Medical Unit; Member Subcommittee on 
Oxygen and Anozia, N.R.C., O.S.R.D. (1, 
1915; 2, 1920; 3, 1923; 4, 1924) 

Bordley, James, III, M.D. Johns Hopkins Hos- 
pital, Baltimore, Md. Associate Professor 0 
Medicine, Johns Hopkins University. (1, 1938) 

Borsook, Henry, M.D., Ph.D. California Insti- 
tute of Technology, Pasadena 4. Professor 0 
Biochemistry. (2, 1931) 

Bosworth, Alfred Willson, A.M., M.D. R. D.4, 
Circleville, O. Consulting Chemist. (2, 1936; 
5, 1935) 

Bott, Phyllis A., M.S., Ph.D. Woman’s Medica 
College of Pennsylvania, East Falls, Philadel 
phia. Associate Professor of Physiological 
Chemistry. (2, 1938) 

Bouman, H. D., M.D.* Northwestern Univ. Med 
School, 303 E. Chicago Ave., Chicago, II]. As 
sistant Professor of Physical Medicine and Physiq 
ology. (1, 1943) 

Bourne, Wesley, M.D., C.M., M.Sc., F.R.C.P. 
D.A. (R.C.P. & 8., Eng.). McGill University 
Montreal, Canada. Lecturer in Anesthetics 
Dept. of Pharmacology and Therapeutics. ( 
1936) 

Bourquin, Helen, M.S., Ph.D. 1331 N. Tejon 5t. 
Colorado Springs, Colo. (1, 1925) 

Bowman, Donald E., A.M., Ph.D. 6956 Warwic 
Rd., Indianapolis, Ind. Assistant Professor 4 
Biochemistry, Indiana University School 4 
Medicine. (2, 1944) 

Boyd, Eldon M., M.A., M.D., C.M. Queen's 
University, Kingston, Ontario, Canada. Prog, 
fessor and Head of the Department of Phat 
macology. (3, 1941) 

Boyd, T. E., Ph.D. 706 S. Lincoln St., Chicag 
Ill. Professor of Physiology, Loyola Universi 
School of Medicine. (1, 1924) 
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Boyd, ‘William C., A.M., Ph.D. Boston Univer- 
sity School of Medicine, 80 E. Concord St., 
Boston, Mass. Associate Professor of Bio- 
chemistry. (2, 1940; 6, 1933) 

Boyden, Edward A., A.M., Ph.D. University of 
Minnesota, Minneapolis. Professor of Anatomy 
and Chairman of the Department. (1, 1929) 

Boyer, Paul D., M.S., Ph.D. Department of Chem- 
istry, Stanford University, Calif. Research Asso- 
ciate. (2, 1944) 

Boyle, Paul E., D.M.D. School of Dentistry, 
University of Pennsylvania, 40th and Spruce 
Sts., Philadelphia. (4, 1939) 

Bozler, Emil, Ph.D. Ohio State University, 
Columbus. Associate Professor of Physiology. 
(1, 1932) 

Bradbury, James T., M.S., ScD. Dept. of Obstet- 
rics and Gynecology, University Hospitals, Iowa 
City. Assistant Professor of Obstetrics and Gyne- 
cology (1, 1941) 

Bradley, Harold C., Ph.D. Shorewood Hills, Madi- 
son, Wis. Professor of Physiological Chemis- 
try, University of Wisconsin. (1, 1911; 2, 1908) 

“Bbradley, William B., Ph.D. 3646 Lafayette Ave., 

Omaha, Neb. Captain, A. C., Chatham Field, Ga. 
(1, 1939) 

i- Branch, Charles F., M.D. Boston University 
School of Medicine, 80 E. Concord St., Boston, 
Mass. Professor of Pathology. (4, 1940) 

Branch, E. Arnold G., M.D. Bureau of Laborato- 
ries, General Hospital, St. John, N. B. Acting 
Director, Bureau of Laboratories, New Bruns- 
wick Department of Health. (4, 1929) 

Brand, Erwin, Ph.D. 630 W. 168th St., New 
York City. Associate Professor of Biological 
Chemistry, Columbia University. (2, 1929) 

‘brandes, W. W., M.D. Roosevelt Hospital, W. 
th St., New York City. (4, 1931) 

Zbranham, Sara E., Ph.D.,.M.D.,Se.D. National 
Institute of Health, Bethesda, Md. Senior 
Bacteriologist. (6, 1926) 

Branion, Hugh Douglas, M.A., Ph.D. 50 James 
8t., Guelph, Canada. (5, 1933) 
wrassfield, Charles R., Ph.D. 
Michigan, Ann Arbor. 
Physiology. (1, 1937) 
atton, Andrew Calvin, Jr., M.A., Ph.D. Johns 
Hopkins School of Medicine, Baltimore, Md. 
Associate in Pharmacology. (3, 1941) 

aun, Herbert A., Ph.D. Food & Drug Adminis- 
tration, Federal Security Agency, Washington, 

BOD.C. Associate Pharmacologist. (3, 1941) 

ewer, George, M.D. University of Pennsyl- 

Vania, School of Medicine, Philadelphia. Assist- 
an Professor of Physiology. (1, 1937) 

tidge, Edward M., M.D. 219 Bryant St., Buffalo, 
. Y. Research Professor of Pediatrics. (2, 
940) 


University of 
Assistant Professor of 


309 


Briggs, A. P., M.D. University of Georgia, 
Augusta. Associate Professor in Biochemistry 
and Medicine. (2, 1923) 

Brink, Frank, Jr., Ph.D. Johnson Research 
Foundation, University of Pennsylvania, Phila- 
delphia. Fellow in Medical Physics, Johnson 


Research Foundation; Lecturer in Biophysics, 
University of Pennsylvania. 


Graduate School, 
(1, 1942) 

Brinkhous, K. M., M.D. State University of 
Iowa, Department of Pathology, Medical Labora- 
tories Building, Iowa City. Assistant Professor 
of Pathology. (A, 1939) 

Britton, Sydney W., M.D. University of Vir- 
ginia School of Medicine, University. Professor 
of Physiology. (1, 1925) ; 

Brobeck, John R., M.D., Ph.D. * Yale University 
School of Medicine, New Haven, Conn. Inetrue- 
tor, Laboratory of Physiology. (1, 1943) 

Brodie, Bernard B., Ph.D. N. Y. University Re- 
search Service, Goldwater Memorial Hospital, 
New York City. Research Associate in Biochem- 
istry and Assistant Professor of Pharmacology, 
New York University Medical College. (2, 1940) 

Brody, Samuel, M.A., Ph.D. Dairy Building, 
University of Missouri, Columbia. Associate 
Professor, College of Agriculture and Agricul- 
tural Experiment Station. (2, 1929; 5, 1933) 

Bronfenbrenner, J. J.. Ph.D., D.P.H. Wash- 
ington University School of Medicine, St. Louis, 
Mo. Professor of Bacteriology and Immunology. 
(4, 1940; 6, 1918) 

Bronk, Detlev W., M.S., Ph.D., Sc.D. The E]- 
dridge Reeves Johnson Foundation for Medical 
Physics, University of Pennsylvania, Philadel- 
phia. Johnson Professor of Biophysics and 
Director , Johnson Foundation; Member National 
Academy of Sciences. (1, 1927) 

Brookes, Margaret C. Hessler, A.M., 
University of Chicago, Chicago, Ill. 
Professor, 
(5, 1935) 

Brooks, Chandler McCuskey, M.A., Ph.D. Johns 
Hopkins University School of Medicine, Balti- 
more, Md. Associate Professor. of Physiology. 
(1, 1934) 

Brooks, Clyde, Ph.D., M.D., LL.D. Louisiana 
State Univ. Medical Center, New Orleans. 
Professor of Physiology and Pharmacology. 
(1, 1910; 3, 1912) 

Brooks, Matilda Moldenhauer, M.S., Ph.D. 
Department of Zoology, University of Cali- 
fornia, Berkeley. Research Associate in 
Biology. (1, 1923) 

Brooks, Sumner Cushing, Ph.D. University of 
California, Berkeley. Professor of Zoology. 
(1, 1923) 

Broun, Goronwy Owen, M.D. 1325 S. Grand 
Blvd., St. Louis, Mo: ‘Professor of ‘Internal 
Medicine, St. Louis University. (4, 1927) 


Ph.D. 
Assistant 
Depariment of Home Economics. 
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Brown, Aaron, M.D. 39 West 55th St., New York 
City. Assistant Clinical Professor of Medicine, 
New York University College of Medicine. 
(6, 1923) 


‘Brown, Claude P., M.D. 1930 Chestnut St., 


Philadelphia, Pa. Assistant Director, Pennsyl- 
vania State Board of Health Laboratories. 
(6, 1913) 

Brown, Dugald E. S., M.A., Ph.D. New York 
University College of Dentistry, 209 E. 28rd St., 
New York City. Professor of Physiology. 
(1, 1932) 

Brown, Edgar D., Pharm.D., M.D. Paynesville, 
Minn. Associate Professor of Pharmacology 
Emeritus. (1, 1907; 3, 1909) 

Brown, Frank A., Jr., M.A., Ph.D. Zoological 
Laboratories, Northwestern University, Evan- 
ston, Ill. Associate Professor of Zoology. 
(1, 1940) 

Brown, John B., M.S., Ph.D. Ohio State Uni- 
versity, Columbus. Professor of Physiological 
Chemistry. (2, 1927; 5, 1934) 

Brown, Rachel, M.S., Ph.D. 26 Buckingham 
Drive, Albany, N. Y. Senior  Biochemist, 
Division of Laboratories and Research, New York 
State Department of Health. (6, 1933) 

Browne, J.S.L.,M.D., Ph.D., F.R.S.C. Univer- 
sity Clinic, Royal Victoria Hospital, Montreal, 
Canada. Assistant Professor of Medicine, Mc- 
Gill University. (1, 1934) 

Brownell, Katharine A., M.A., Ph.D.* Department 
of Physiology, Ohio State University, Columbus. 
Research Associate. (1, 1943) 

Brues, Austin M., M.D. Metallurgical Laboratory, 
University of Chicago, Chicago 89, Ill. Assistant 
Professor of Medicine, Harvard Medical School; 
Assistant Physician, Mass. General Hospital. 
(1, 1940) 

Bruger, Maurice, M.D., C.M., M.Sc. 245 E. 
17th St., New York 3, N.Y. Associate Clinical 
Professor of Medicine, New York Post-Graduate 
Medical School of Columbia University; Chief, 
Division of Pathological Chemistry, New York 
Post-Graduate Hospital. (2, 1935; 5, 1935) 

Bruhn, John M., Ph.D. University of Alabama 
School of Medicine, University. Professor of 
Physiology and Pharmacology. (1, 1939). 

Brunschwig, Alexander, M.D. University of 
Chicago, Chicago, Ill. Professor of Surgery. 
(4, 1937) 

Bryan, W. Ray, Ph.D. 5516 Johnson Ave., 
Bethesda, Md. Biologist, National Cancer 
Institute. (1, 1934; 4, 1940) 

Buchanan, J. William, Ph.D. Northwestern 


University, Evanston, Ill. Professor of Zoology. . 


(1, 1927) 
Buchbinder, Leon, Ph.D. Department of Health, 
125 Worth St., New York City. (6, 1934) 


Buchbinder, William C., M.S., M.D. 104 §, 
Michigan Ave., Chicago, Ill. Assistant Pro. 
fessor of Medicine, Northwestern University 
Medical School; Associate in Medicine, Michael 
Reese Hospital. (1, 1940) 

Buckner, G. Davis, Ph.D. Kentucky Agricul- 
tural Experiment Station, Lexington. In 
Charge of Animal Nutrition. (2, 1920) 

Bucy, Paul C., M.S.,M.D. 25 E. Washington St, 
Chicago, Ill. Professor of Neurology and Neuro. 
logical Surgery, University of Illinois. (1, 1933) 

Buddingh, G. John, M.D. Vanderbilt University 
School of Medicine, Nashville, Tenn. Associate 
Professor of Bacteriology. (4, 1940) 

Buell, Mary Van Rensselaer, Ph.D. Johns Hop- 
kins Hospital, Baltimore, Md. Associate in 
Medicine. (2, 1921) 

Bugbee, Edwin P., M.D. Lankenau Hospital, 
Philadelphia, Pa. Assistant Roentgenologist. 
(1, 1928) 

Bugher, John C., M.D. c/o Rockefeller Founda- 
tion, 49 W. 49th St., New York City. (4, 1934) 
Bukantz, Samuel C., M.D. 8712 Colesville Rd., 
Silver Spring, Md. Chief, Division of Virus and 
Rickettsial Diseases, Army Medical School, 

Washington, D.C. (6, 1948) 

Bulatao, Emilio, M.D. University of the Philip 
pines, Manila, P.I. Professor of Physiology 
(1, 1924) . 

Bulger, Harold A., Ph.D.,M.D. Barnes Hospital 
600 S. Kingshighway, St. Louis, Mo. Assistanj 
Professor of Medicine, Washington University 
(5, 1933) 

Bull, Henry B., Ph.D. Northwestern University 
Medical School, 303 E. Chicago Ave., Chicago 
Ill. Associate Professor, Department of Chem 
istry. (2, 1937) 

Bunde, Carl A., M.A., Ph.D.* Southwestern Medi 
cal Foundation, Dallas, Texas. Associate Profes 
sor of Physiology and Pharmacology. (1, 194 

Bunney, William E., Ph.D. E.R. Squibb & Sons 
New Brunswick, N. J. Director of Biologi 
Products Production. (6, 1931) 

Bunting, Charles H., M.D. Service Memorii 
Institute, Madison, Wis. Professor of Path 
ology, University of Wisconsin. (4, 1913) 

Bunzell, H. H., Ph.D. Box 44, General Pos 
Office, New York 1, N. Y. Director, Bunz 
Laboratories. (2, 1908) 

Burchell, Howard B., M.D., Ph.D. 799 3rd St. 
S.W., Rochester, Minn. Instructor in Medicint 
Mayo Foundation, Graduate School, Universit 
of Minnesota; Consultant in Medicine, May 
Clinic, Rochester, Minn. (1, 1942) 

Burdick, H. O., M.A., Sc.D. (hon.). Alfred Um! 
versity, Alfred, N. Y. Professor of Biology 
(1, 1940) 

Burdon, Kenneth L., Sc.M., Ph.D. Baylor Unive 
sity College of Medicine, Houston, Texas 
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Professor of Bacteriology; Consultant, United 
States Public Health Service. (6, 1936) 

Burge, W. E., A.M., Ph.D. University of Illinois, 
Urbana. Associate Professor of Physiology. 
(1, 1911) 

Burk, Dean, Ph.D. National Cancer Institute, 
U. 8. Public Health Service, Bethesda, Md. 
Senior Chemist. (2, 1939) 

Burky, Earl L., M.S., M.D. Johns Hopkins Hos- 
pital, Baltimore, Md. Associate Professor of 
Ophthalmology, Wilmer Institute of Ophthal- 
mology, Johns Hopkins University. (6, 1931) 

Burnett, Theo, C., M.D. Box 216, Carmel, Calif. 
Associate Professor of Physiology Emeritus, 
University of California. (1, 1911) 

Burns, Edward L., M.D. Louisiana State Uni- 
versity, School of Medicine, New Orleans. 
Associate Professor of Pathology and Bacteriol- 
ogy. (4, 1989) 

burr, George O., M.A., Ph.D., LL.D. University 
of Minnesota, Minneapolis. Director Division 
of Physiological Chemistry. (2, 1928; 5, 1933) 

Burrill, Marie Wecker, Ph.D. *542} Surf St., Chi- 
cago, Ill. Instructor in Physiology, Northwestern 
University Medical School. (1, 1944) 

Burrows, Montrose T., M.D. 201 N. El Molino 
Ave., Pasadena, Calif. (4, prior to 1920) 

Burton, Alan C., Ph.D. Banting Institute, To- 
ronto, Canada. (1, 1937) 

Mm burton-Opitz, Russell, M.S., M.D., Ph.D. 218 

Bridle Way, Palisade, N. J. Attending Cardiol- 

ogist, Lenox Hill Hospital; Attending Physician, 

Cumberland Hospital; Consulting Cardiologist, 

Engelwood, North Hudson, Holy Name and 

Hackensack Hospitals. (1, 1902; 2, 1906; 3, 

1919) 


Bush, Milton T., Ph.D. Vanderbilt University — 


School of Medicine, Nashville, Tenn. Research 

Associate in Pharmacology. (3, 1938) 

Butler, Thomas C., M.D. Vanderbilt University 
fm School of Medicine, Nashville, Tenn. Assistant 
Professor of Pharmacology. (3, 1938) 

Butt, Hugh R., M.D. U. S. Naval Hospital, 
Corona, Calif. (5, 1942) 

Butts, Joseph S., M.S., Ph.D. Personal Equipment 
Laboratory, Wright Field, Dayton, O. Major, 
A.U.S., Chief, Survival Unit. (2, 1936; 5, 1936) 

Butz, Eleanor W. J., Ph.D. Beltsville, Md. Col- 
laborator, Div. Animal Husbandry, U.S. D.A., 

Mm Beltsville Research Center. (6, 1935) 

Cahill, William M., Ph.D. Wayne University 
College of Medicine, Detroit, Mich. Assistant 
Professor of Physiological Chemistry. (2, 1940) 
jori, Florian A., Ph.D. School of Military Gov- 
emment, Charlottesville, Va. Major, Sanitary 
Corps, A.U.S. (2, 1922; 5, 1933) 
dwell, Mary L., A.M., Ph.D. Department of 
Chemistry, Columbia University, New York 
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City. Associate Professor of Chemistry. (2, 1924; 
5, 1933) 

Calvery, Herbert O.,M.S., Ph.D. Food and Drug 
Administration, Federal Security Agency, Wash- 
ington 25,D.C. Chief, Division of Pharmacol- 
ogy. (2, 1928; 3, 1939) 

Calvin, D. Bailey, M.A., Ph.D. School of Medi- 
cine, University of Texas, Galveston. Asso- 
ciate Professor, Biological Chemistry; Associate 
Dean, School of Medicine. (1, 1934; 2, 1939) 

Cameron, A. T., M.A., D.Sc., F.1.C., F.R.S.C. 
Medical College, Winnipeg, Manitoba, Canada. 
Professor of Biochemistry, Faculty of Medicine, 
University of Manitoba; Biochemist, Winnipeg 
General Hospital. (1, 1914; 2, 1914) 

Camp, Walter J. R.,M.D., Ph.D. 1853 Polk St., 
Chicago, Ill. Professor of Pharmacology and 
Therapeutics, University of Illinois. (3, 1926) 

Campbell, Dan H., M.S., Ph.D. Department of 
Chemistry, California Institute of Technology, 
Pasadena, Calif. Assistant Professor of Immun- 
ochemistry. (6, 1938) 


Campbell, H. Louise, Ph.D. 435 W. 119th St., 
Apt. 9-F, New York City. Research Assistant 
in Food Chemistry, Columbia University. (5, 
1933) 

Campbell, James, M.A, Ph.D.* University of 
Toronto, Toronto, Ontario, Canada. Assistant 
Professor of Physiology. Lieutenant Commander, 


(S.B.) R.C.N.V.R. (1, 1948) 

Campbell, Walter Ruggles, M.A., M.D., F.R.C.P. 
(C), F.R.S.C. 69 Madison Ave., Toronto, Can- 
ada. Assistant Professor of Medicine and Clinical 
Medicine, University of Toronto; Assistant 
Physician, Toronto General Hospital. (2, 1922) 

Cannan, R. Keith, D.Sc. 477 First Ave., New 
York City. Professor of Chemistry, New York 
University College of Medicine. (2, 1931) 

Cannon, Paul R., M.D., Ph.D. University of 
Chicago, Chicago, Ill. Professor of Pathology. 
(4, 1930; 6, 1929) 

Cannon, Walter B., A.M., M.D., Se.D., LL.D. 
Harvard Medical School, Boston, Mass. George 
Higginson Professor of Physiology, Harvard 
University; Member of the National Academy of 
Sciences. (1, 1900) 

Cantarow, Abraham, M.D. Jefferson Medical 
College, Philadelphia, Pa. Associate Professor 
of Medicine; Biochemist to the Jefferson Hospital. 
(1, 1982; 3, 1985) 

Canzanelli, Attilio, M.D. Tufts College Medical 
School, 416 Huntington Ave., Boston, Mass. 
Associate Professor in the Department of 
Physiology. (1, 1934) 

Carlson, A. J., A.M., Ph.D., M.D., LL.D. Hull 
Physiological Laboratory, University of Chicago, 
Chicago, Ill. Professor of Physiology Emeritus; 
Member of the National Academy of Sciences. 
(1, 1904; 5, 1933) 





PRP R, eR ST A RNa 


312 FEDERATION PROCEEDINGS 


Carmichael, Emmett B., Ph.D. School of Medi- 
cine, University of Alabama, University. Pro- 
fessor of Physiological Chemistry. (1, 1931) 

Carmichael, Leonard, Ph.D., Sc.D., Litt.D., 
LL.D. Tufts College, Medford, Mass. Di- 
rector, the Tufts College Research Laboratory of 
Sensory Psychology and Physiology and Presi- 
dent of the College. (1, 1937) 

Carpenter, Thorne M., Ph.D. 29 Blackfan St., 
Boston, 15, Mass. Director, Nutrition Laboratory 
of the Carnegie Institution of Washington. (1, 
1915; 2, 1909; 5, 1935) 

Carr, C. Jelleff, Ph.D. School of Medicine, Uni- 
versity of Maryland, Baltimore. Associate 
Professor of Pharmacology. (3, 1940) 

Carr, Jesse L., M.D. University of California 
Medical School, Third and Parnassus Aves., 
San Francisco. Assistant Professor of Pathol- 
ogy. (4, 1940) 

Carter, Herbert E., M.A., Ph.D. 452 Noyes Lab- 
oratory, Urbana, Ill. Associate Professor of Bio- 
chemistry, University of Illinois. (2, 1937; 5, 
1941) 

Cartland, George F., M.S., Ph.D. The Upjohn 
Co., Research Department, Kalamazoo, Mich. 
Biochemist and Pharmacologist. (2, 1936) 

Cary, Charles A., S.B. Dairy Research Labora- 
tory, Beltsville, Md. Chief, Division of Nutri- 
tion and Physiology, Bureau of Dairy Industry, 
U.S. Department of Agriculture. (2, 1920) 

Casey, Albert Eugene, M.D. Jefferson and Bap- 
tist Hospitals, Birmingham, Ala. Pathologist. 
(4, 1933) 

Cash, James Robert, M.D. University Hospital, 
Charlottesville, Va. Professor of Pathology, 

University of Virginia. (4, 1924) 

Castle, Edward S., M.A., Ph.D. Biological Lab- 
oratories, Harvard University, Divinity Ave., 
Cambridge, Mass. Assistant Professor of Gen- 
eral Physiology. (1, 1934) 

Castle, William B., M.D., 8.M. (Hon. Yale), 
M.D. (Hon. Utrecht). Boston City Hospital, 
Boston, Mass. Professor of Medicine, Harvard 
Medical School; Associate Director, Thorndike 
Memorial Laboratory and Director, II and IV 
Medical Services (Harvard), Boston City Hos- 
pital. (4, 1942) 

Catchpole, Hubert Ralph, Ph.D. National Naval 
Medical Center, Bethesda, Md. Ensign, USNR; 
Research Assistant in Physiology (Assistant 
Professor), Yale University Medical School. 
(1, 1941) 

Cathcart, E. P..M.D.,D.Sc., LL.D. University 
of Glasgow, Glasgow, Scotland. Dean of Uni- 
versity. (5, 1935) 

Catron, Lloyd, M.D. The City Hospital, Akron, 
O. Pathologist. (4, 1939) 

Cattell, McKeen, A.M., Ph.D., M.D. Cornell 
University Medical College, 1300 York Ave., 


New York City. Professor of Pharmacology. 
1, 1923; 3, 1924) 

Cerecedo, Leopold R., Ph.D. Fordham Univer- 
sity, New York City. Professor of Biochemis- 
try. (2, 1931) 

Chadwick, Leigh Edward, Ph.D.* University of 
Rochester School of Medicine and Dentistry, 260 
Crittenden Blvd., Rochester, N. Y. Instructor 
in Physiology. (1, 1944) 

Chaikoff, I. L., A.M., Ph.D., M.D. University of 
California, Berkeley. Assistant Professor of 
Physiology. (1, 1932) 

Chalkley, Harold W., A.M., Ph.D. U.S. Public 
Health Service, National Institute of Health, 
Bethesda, Md. Senior Physiologist. (1, 1932) 

Chambers, Leslie Addison, M.S., Ph.D. Johnson 
Foundation for Medical Physics, University of 
Pennsylvania, Philadelphia. Lecturer in Bio- 
physics; Associate in Medical Physics; Associate 
in Pediatrics. (1, 1940) 

Chambers, Robert, A.M., Ph.D. New York Uni- 
versity, Washington Square East, New York 
City. Research Professor of Biology. (1, 1932) 

Chambers, William H., M.S., Ph.D. Cornell 
University Medical College, 1300 York Ave., 
New York City. Associate Professor of Physiol- 
ogy. Major, Sn.C. AUS (1, 1924; 5, 1933) 

Chandler, Caroline A., M.D. National Institute of 
Health, Bethesda, Md. (6, 1938) 

Chandler, Joseph P., M.S., Ph.D. Cornell Univer- 
sity Medical College; 1300 York Ave., New York 
City. Assistant Professor of Biochemistry. 
(2, 1944; 5, 1944) 

Chanutin, Alfred, Ph.D. Box 1038 (University 
Station), Charlottesville, Va. Professor of Bio- 
chemistry, University of Virginia. (2, 1925) 

Chapman, C. W., M.Sc., Ph.D. University of 
Maryland, Baltimore. Professor of Pharma- 
cology. (3, 1932) 

Chargaff, Erwin, Ph.D. Columbia University, 
College of Physicians and Surgeons, 630 W. 
168th St., New York City. Assistant Professor 
of Biological Chemistry. (2, 1935) 

Charipper, Harry Adolph, M.S., Ph.D. Wash- 
ington Square College of Arts and Sciences, 10 
Washington Square East, New York City. Pro- 
fessor of Biology and Chairman of the Depari- 
ment. (1, 1941) 

Chase, Aurin M.; A.M., Ph.D. Department of 
Biology, Princeton University, Princeton, N. J. 
Research Associate. (1, 1939) 

Chase, Harold F., M.D. Western Reserve Uni- 
versity School of Medicine, Cleveland, 0. 
Assistant Professor of Pharmacology. (3, 1944) 

Chase, Merrill W., M.S., Ph.D.. Rockefeller 
Institute, 66th St. and York Ave., New York 
City. Member of Staff. (6, 1938) 

Chasis, Herbert, M:D., Med. Sc.D. 44 E. 67t 
St., New York City. Assistant Professor ° 
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Medicine, New York University, College of 
Medicine. (1, 1941) 

Chatfield, Charlotte, B.S. U.S. Dept. of Agri- 
culture, Washington, D. C. In Charge, Food 
Composition Section, Bureau of Home Eco- 
nomics. (5, 1941) 

Chen, Graham, Sc.D., M.D. Dept. of Pharmacol- 
ogy, University of Chicago, Chicago, Ill. Research 
Associate (Assistant Prof.). (8, 1944) 

Chen, K. K., Ph.D., M.D. The Lilly Research 
Laboratories, Indianapolis, Ind. Director of 
Pharmacological Research; Professor of Phar- 
macology, Indiana University School of Medicine, 
Indianapolis. (1, 1929; 3, 1942) 

Cheney, Ralph H., A.M.,M.S.,Se.D. Long Island 
University, 600 Lafayette Ave., Brooklyn, N. Y. 
Chairman, Biology Department. (3, 1934) 
Chesney, Alan M., M.D. The Johns Hopkins 
Hospital, Baltimore, Md. Dean, Johns Hop- 
kins Medical School; Associate Professor of 
Medicine. (4, 1925) 

Child, Charles Manning, Ph.D., D.Sc. (hon.). Jor- 
don Hall, Stanford University, Calif. Member, 
National Academy of Sciences; Professor Emeri- 
tus, University of Chicago. (1, 1923) 

Chow, Bacon, Ph.D. Squibb Institute for Medi- 
cal Research, New Brunswick, N.J. Associate 
in the Division of Pharmacology. (2, 1940) 
Christensen, L. Royal, Ph.D. New York Univer- 


sity College of Medicine, 477 First Ave., New 
York City. Medical Fellow, National Research 


Council. (6, 1942) 

Christian, Henry A., M.D. 20 Chapel St., Brook- 
line, Mass. Hersey Professor of the Theory and 
Practice of Physic, Emeritus, Harvard Univer- 
sity, recalled to active teaching; Clinical Professor 
of Medicine, Tufts College Medical School; 
Physician-in-Chief, Emeritus, Peter Bent Brig- 
ham Hospital, Boston; Visiting Physician, Beth 
Israel Hospital, Boston. (4, 1924) 

Christman, Adam A., Ph.D. University of Michi- 
gan Medical School, Ann Arbor. Associate 
Professor of Physiological Chemistry. (2, 1929) 

Clark, Ada R., M.A., Ph.D. College of Physicians 
and Surgeons, 630 W. 168th St., New York City. 
Instructor in Bacteriology. (6, 1936) 

(ark, Byron B., M.S., Ph.D. Albany Medical 
College, Albany, N. Y. Associate Professor of 
Physiology and Pharmacology. (3, 1940) 

Clark, Eliot R., M.D. University of Pennsyl- 
vania, Philadelphia. Professor and Head of 
Department of Anatomy. (1, 1919) 

Clark, Ernest D., A.M., Ph.D. 826 Skinner Bldg., 
Seattle 1, Wash. Director of the Laboratories, 
Northwest Branch, National Canners’ Associa- 
tion. (2, 1912) 

(ark, George, Ph.D.* Yerkes Laboratory of 
Primate Biology, Orange Park, Fla. Assistant 
Professor of Psychobiology. (1, 1943) 
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Clark, Guy W., A.M., Ph.D. c/o Lederle Labora- 
tories, Inc., Pearl River, N. Y. Technical 
Director. (2, 1922) 

Clark, Janet Howell, A.M., Ph.D. Anderson 
Hall, University of Rochester, Rochester, N. Y. 
Dean of the College for Women and Professor in 
the Division of Biological Sciences. (1, 1922) 

Clark, Paul F., Ph.D. University of Wisconsin 
Medical School, Madison. Professor of Bacteri- 
ology. (4, 1923; 6, 1928) 

Clark, William G., Ph.D. Department of Phys- 
iology, University of Southern California, Los 
Angeles 7. (1, 1942) 

Clark, William Mansfield, M.A., Ph.D., D.Sc. 
Johns Hopkins University, Baltimore, Md. 
Professor of Physiological Chemistry; Member 
National Academy of Sciences. (2, 1920) 

Clarke, Hans Thacher, D.Sc. (London), F.I.C. 
630 W. 168th St., New York City. Professor of 
Biological Chemistry, Columbia University, 
College of Physicians and Surgeons. (2, 1929) 

Clarke, Robert W., Ph.D. Yale University School 
of Medicine, 333 Cedar St., New Haven, Conn. 
Instructor in Physiology. (1, 1936) 

Clausen, Samuel Wolcott, M.D. Strong Memorial 
Hospital, Rochester, N. Y. Professor of Pediat- 
rics, School of Medicine, University of Roch- 
ester. (2, 1922) 

Cleghorn, Robert Allen, M.D., D.Sc. (Aberdeen). 
Department of Medicine, University of Toronto, 
Toronto, Ont., Canada. Junior Demonstrator 
in Medicine; Junior Assistant Attending Physi- 
cian, Toronto General Hospital. (1, 1937) 

Climenko, David Robert, M.D., Ph.D. Winthrop 
Chemical Co., 33 Riverside Ave., Rensselaer, 
N. Y. Pharmacologist; Associate in Bio- 
chemistry and Instructor in Medicine, Albany 
Medical College. (1, 1933) 

Clowes, George Henry Alexander, Ph.D., D.Sc. 
(hon.), LL.D. (hon.). Eli Lilly & Co., Indi- 
anapolis, Ind. Director of Research. (2, 1914; 
6, 1919) 

Coca, Arthur F., A.M., M.D. Pearl River, N. Y. 
Medical Director, Lederle Laboratories. (6, 
1916) 

Code, Charles F., Ph.D,, M.D. Mayo Foundation, 
Rochester, Minn. Professor of Physiology. (1, 
1939) 

Coffey, Julia M., A.B. Division of Laboratories 
& Research, New York State Department of 
Health, Albany, N. Y. Associate Bacteriol- 
ogist. (6, 1937) 

Coghill, Robert D., M.S., Ph.D. Northern Re- 
gional Research Laboratory, U. S. Department 
of Agriculture, Peoria, Ill. Chief, Fermentation 
Division. (2, 1932) 

Cohen, Barnett, M.S., Ph.D. Johns Hopkins 
University School of Medicine, 710 N. Wash- 
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ington St., Baltimore 5, Md. Associate Professor 

of Physiological Chemistry. (2, 1935) 

Cohen, Milton B., M.D. 10616 Euclid Ave., 
Cleveland, O. Director, The Asthma, Hay 
Fever and Allergy Foundation. (6, 1931) 

Cohen, Philip P., Ph.D., M.D. Service Memorial 
Institute, University of Wisconsin, Madison. 
Assistant Professor of Clinical Chemistry. (2, 
1941) 

Cohen, Sophia M., B.S. Division of Laboratories 
and Research, New York State Department of 
Health, Albany, N.Y. Assistant Bacteriologist. 
(6, 1938) 

Cohn, Alfred E., M.D. 300 Central Park W., 
New York City. Member, Rockefeller Institute 
for Medical Research. (1, 1911; 3, 1913) 

* Cohn, Edwin J., Ph.D., A.M. (Hon.), Sc.D. 
(Hon.). 183 Brattle St., Cambridge, Mass. 
Professor of Biological Chemistry, Harvard 
Medical School, Boston; Member, National Acad- 
emy of Sciences. (1, 1919; 2, 1919) 

Cohn, Waldo E., M.S., Ph.D. 109 Marion Rd., 
Oak Ridge, Tenn. Chief Biochemist, Clinton 
Laboratories, Knoxville, Tenn. (2, 1944) 

Cole, Arthur G., Ph.D. 1853 W. Polk St., Chi- 
cago 12, Ill. Assistant Professor of Physiological 
Chemistry, University of Illinois College of 
Medicine. (2, 1939) 

Cole, Harold N., M.D. 1352 Hanna Bldg., Cleve- 
land, O. Clinical Professor of Dermatology and 
Syphilology, Western Reserve University. (3, 
1925) 

Cole, Kenneth S., Ph.D. 5618 Kimbark Ave., 
Chicago, Ill. (1, 1934) 

Cole, Rufus, M.D., D.Sc. Mount Kisco, N. Y. 
Member Emeritus, Rockefeller Institute for 
Medical Research. (4, 1924; 6, 1917) 

Cole, Versa V., Ph.D., M.D. Indiana University 
School of Medicine, 1040-1232 West Michigan 
St., Indianapolis. Assistant Professor of Phar- 
macology. (3, 1941) 

Collett, Mary Elizabeth, A.M., Ph.D. Mather 
College, Western Reserve University, Cleve- 
land, O. Associate Professor of Biology. (1, 
1921) 

Collier, H. Bruce, M.A., Ph.D. Dalhousie Uni- 
versity, Halifax, N. 8. Associate Professor of 
Biochemistry. (2, 1944) 

Collings, William Doyne, Ph.D.* University of 
Texas School of Medicine, Galveston. Assistant 
Professor of Physiology. (1, 1944) 

Collins, Dean A., M.A., Ph.D., M.D. University 
of Illinois, College of Medicine, 1853 West Polk 
St., Chicago. Associate Professor of Physiology. 

(1, 1938) 

Collins, Russell J., A.M., M.D., F.R.C.P. (Can.) 
M.R.C.P. (Edin.) F.A.C.P. St. John, New 

Brunswick, Canada. Medical Superintendent 

of St. John Tuberculosis Hospital. (3, 1915) 
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Collip, J. B., A.M., Ph.D., D.Se., M.D., C.B.E. 
McGill University, Montreal, Quebec, Canada. 
Director, Research Institute of Endocrinology. 
(1, 1920; 2, 1920) 

Colowick, Sidney P., Ph.D. Dept. of Pharma- 
cology, Washington University Medical School, 
Euclid and Scott Aves.,; St. Louis, Mo. Instructor 
in Pharmacology. (2, 1944) 

Coman, Dale R., M.D. McManes Laboratory of 
Pathology, University of Pennsylvania School 
of Medicine, Philadelphia. Assistant Professor 
of Pathology. (4, 1939) 

Comroe, Julius H., Jr.. M.D.* University of 
Pennsylvania Medical School, Philadelphia. 
Assistant Professor of Pharmacology. (1, 1943; 
3, 1939) 

Conant, James B., Ph.D. 5 University Hall, 
Cambridge, Mass. President, Harvard Uni- 
versity; Member, National Academy of Sciences. 
(2, 1932) 

Concepcion, Isabelo, M.D. College of Medicine 
and Surgery, Manila, P.I. Professor of Physi- 
ology, University of the Philippines. (1, 1919) 

Conklin, Ruth E., M.S., Ph.D. Vassar College. 
Poughkeepsie, N. Y. Professor of Physiology. 
(1, 1940) 

Conn, Jerome W., M.D. University Hospital 
Ann Arbor, Mich. Assistant Professor of I 
ternal Medicine and Research Associate i 
Nutrition. (5, 1942) 

Cook, Donald Hunter, Ph.D. School of Tropical 
Medicine of Columbia University, San Juan, 
Puerto Rico. Associate Professor of Chemistry 
(2, 1929) 

Cooke, Robert A., A.M., Sc.D. (hon.), M.D 
60 E. 58th St., New York City. Director, De 
partment of Allergy, Roosevelt Hospital. ( 
1920) 

Cooley, Thomas B., M.S., M.D. 7840 Van Dyk 
Pl., Detroit, Mich. Chairman of Staff, Chi 
dren’s Hospital of Michigan, Detroit. (5, 1935 

Coolidge, Thomas B., M.D., Ph.D. Abbot 
University of Chicago, Chicago, Ill. Associal 
Professor of Biochemistry. (2, 1942) 

Coon, Julius M., Ph.D. University of Chicago 
Chicago, Ill. Instructor in Pharmacology. ( 
1941) 

Coons, Callie Mae, Ph.D. 1200 W. 78th St 
Los Angeles, Calif. (5, 1933) 

Cope, Otis M., M.D. New York Medical College 
Flower and Fifth Avenue Hospitals, No. 1, 4 
105th St., New York City. Professor of Phys 
ology and Biochemistry. (1, 1929) 

Corbin, Kendall B., M.D. University of Tet 
nessee College of Medicine, 875 Monroe, Met 
phis. Professor of Anatomy. (1, 1941) 

Corcoran, Arthur Curtis, C.M., M.D. Lill 

Laboratory for Clinical Research, Indianapo! 
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City Hospital, Indianapolis, Ind. Member of 
Staff. (1, 1940) 

Corey, Edward Lyman, Ph.D. School of Medi- 
cine, University of Virginia, University. A.s- 
sistant Professor of Physiology. (1, 1931) 

Cori, Carl F., M.D. Washington University 
School of Medicine, Kingshighway and Euclid 
Ave., St. Louis, Mo. Professor of Pharmacology 
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y of and Biochemistry; Member, National Academy 
hool of Sciences. (2, 1925; 3, 1934) 
sso Cori, Gerty T., M.D. Washington University 





School of Medicine, St. Louis, Mo. Research 
Associate Professor in Pharmacology and Bier 
chemistry. (2, 1927; 3, 1934) 

Corley, Ralph Conner, Ph.D. Department of 
Chemistry, Purdue University, Lafayette, Ind. 
Professor of Biochemistry. (2, 1927) 

Cornwall, Leon, M.D. 55 E. 76th St., New York 
City. Attending Neurologist, N. Y. Neurological 
Institute. (6, 1920) 

Corper, Harry J., M.D., Ph.D. 1295 Clermont 
St., Denver, Colo. Director of Research, Na- 
tional Jewish Hospital. (2, 1912) 

Corson, Samuel A., M.S., Ph.D.* Department of 
Physiology, University of Minnesota School of 
Medicine, Minneapolis. Instructor in anasinapacat 
(1, 1943) 

Corwin, Warren C., M.D. Major, M.C. “AUS, 
Chanute Field, Ill. (4, 1940) 

Co Tui, Frank, M.D. New York University Col- 
lege of Medicine, 477 First Ave., New York City. 
Associate Professor of Experimental Surgery. 
(3, 1931) 

Cournard, André Frederic, M.D.* Chest Service, 
Bellevue Hospital, CD Building, Ist Ave. at 28th 
St., New York City. Assistant Professor of Medi- 
cine, College of Physicians and Surgeons, Colum- 
bia University. (1, 1944) 

Cowgill, George Raymond, Ph.D. 333 Cedar St., 
New Haven, Conn. Professor of Nutrition, Yale 
University. (1, 1923; 2, 1922; 5, 1938) 

Cox, Gerald J., M.S., Ph.D. 200 S. 7th Ave., 
LaGrange, Ill. Research Group Leader, Corn 
Products Refining Co. (2, 1980; 5, 1935) 

Cox, Warren M., Jr., Ph.D. Mead Johnson & Co., 
Evansville, Ind. Research Biochemist. (2, 
1935) 

Craig, L. C., M.S., Ph.D. Rockefeller Institute, 
66th St. and York Ave., New York City. Asso- 
ciate in Chemical Pharmacology. (2, 1938) 

Crampton, E. W., Ph.D. Macdonald College, 
Quebec, Canada. Associate Professor of Animal 
Nutrition. (5, 1940) 

Crandall, Lathan A., Jr., M.D., Ph.D. Univer- 
sity of Tennessee College of Medicine, Memphis. 
Professor of Physiology. (1, 1930; 5, 1940) 

Cressy, Norman L., M.D. Respiratory Disease 

Commission Laboratory, Station Hospital, Sec- 

tion 2, Fort Bragg, N. C. Capt., M.C., U.S. A.; 
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Member Commission on Acute Respiratory Dis- 
eases. (6, 1943) 

Cretcher, Leonard H., Ph.D. Mellon Institute 
of Industrial Research, University of Pitts- 
burgh, Pittsburgh, Pa. Assistant Director and 
Head of the Department of Research in Pure 
Chemistry. (2, 1930) 

Crider, Joseph O., M.D. Jefferson Medical Col- 
lege, Philadelphia, Pa. Associate Professor of 
Physiology and Assistant Dean. (1, 1935) 

Crisler, George R., Ph.D., M.D. 33d Altitude 
Training Unit, Santa Ana Army Air Base, Santa 
Ana, Calif. Captain, Medical Corps. (1, 1930) 

Crismon, Jefferson Martineau, M.D.* Stanford 
University, Calif. Assistant Professor of Physi- 
ology. (1, 1944) 

Crittenden, Phoebe J., M.S., Ph. D. Merck Insti- 
tute for Therapeutic Research, Rahway, N. J. 
(1, 1937; 3, 1937) 


Cromwell, Hobart W., Sc.D. Abbott Labora- 
tories, North Chicago, Ill. Bacteriologist. (6, 
1929) 


Crozier, William J., Ph.D. Biological Labora- 
tories, Harvard University, Cambridge, Mass. 
Professor of General Physiology. (1, 1928) 

Cruickschank, Ernest W. H., M.D., D.Sc., Ph.D. 
M.R.C.P., F.R.S.E. Marischal College, Uni- 
versity of Aberdeen, Aberdeen, Scotland. Pro- 
fessor of Physiology. (1, 1931) 

Csonka, F. A., Ph.D. Bureau of Human Nutrition 
and Home Economics, U. S. Department of 
Agriculture, Beltsville, Md. Senior Chemist. 
(2, 1924) 

Cullen, Stuart C., M.D. University Hospitals, 
Iowa City, Iowa. Assistant Professor of Surgery- 
Anesthesia. (3, 1944) 

Culler, Elmer A. K., Ph.D. University of Roch- 
ester, Rochester, N.Y. Professor of Psychology 
and Director of the Laboratory. (1, 1936) 

Cunningham, Raymond W., M.S., Ph.D. Lederle 
Laboratories, Inc., Pearl River, N.Y. Head, 
Pharmacology Research. (3, 1941) 

Cunningham, Robert Sydney, A.M., M.D., Sc.D. 
Albany Medical College, Albany, N. Y. Pro- 
fessor of Anatomy and Dean. (1, 1923) 

Curnen, Edward C., M.D. Hospital of Rocke- 
feller Institute, 66th St. and York Ave., New 
York City. Assistant Resident Physician, Hos- 
pital of The Rockefeller Institute; Assistant, 
Rockefeller Institute; Lieut. (j.g.) M.C. V(S) 
U.S.N.R. on active duty. (6, 1941) 

Curtis, George Morris, M.A.,Ph.D.,M.D. Kins- 
man Hall, Ohio State University, Columbus. 
Professor of Surgery; Chairman, Department of 
Research Surgery. (1, 1933; 4, 1933) 

Curtis, Howard J., M.A., Ph.D. College of Phy- 
sicians and Surgeons, 630 W. 168th St., New York 

City. Assistant Professor of Physiology. (1, 

1940) 
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Cutler, Elliott C., M.D. Peter Bent Brigham 
Hospital, Boston, Mass. Moseley Professor of 
Surgery, Harvard Medical School; Surgeon-in- 
Chief, Peter Bent Brigham Hospital. (4, 1927) 

Cutting, Reginald A., M.D., Ph.D. Georgetown 
University School of Medicine, 3900 Reservoir 
Road, N.W., Washington, D. C. Professor 
of Physiology and Director of the Department. 
(1, 1939) 

Cutting, Windsor C., M.D. Stanford University 
School of Medicine, San Francisco, Calif. As- 
sistant Professor of Therapeutics. (3, 1939) 

Daft, Floyd Shelton, Ph.D. National Institute of 
Health, Washington, D.C. Senior Biochemist. 
(5, 1941) 

Daggs, Ray Gilbert, Ph.D. 4216 Southwestern 
Rd., Dallas, Texas. Lt. Col. Hdgirs. 8th Service 
Command Surgeon’s Office. (1, 1935; 5, 1933) 

Dakin, Henry D., D.Sc., LL.D., Ph.D., F.I.C., 
F.R.S. Scarborough-on-Hudson, N. Y. (2, 
1906) 

Dalton, Albert J.. M.A., Ph.D. National Insti- 
tute of Health, Bethesda, Md. Cytologist. 
(4, 1942) 

Dam, Henrik, D.Sc. University of Rochester, 
School of Medicine and Dentistry, 260 Critten- 
den Blvd., Rochester, N. Y. Senior Research 
Associate in Biochemistry. (2, 1944; 5, 1943) 

D’Amour, Fred E., M.S., Ph.D. 231158. Josephine 
St., Denver, Colo. Associate Professor, Depart- 
ment of Zoology, University of Denver. (1, 1934) 

D’Amour, Marie C., Ph.D., M.D. Las Encinas 
Sanatorium, Pasadena, Calif. Resident Physi- 
cian. (1, 1934) 

Daniels, Amy L., Ph.D. College Highway, Avon, 
Conn. Retired. (2, 1919; 5, 1933) 

Danielson, Irvin S., Ph.D. Pearl River Apart- 
ments, Apt. 3H, Pearl River, N. Y. Research 
Chemist. (2, 1937) 

Dann, W. J., Ph.D., D.Sc. Box 3205, Duke Hospi- 
tal, Durham, N.C. Associate Professor of Physi- 
ology. (2, 1937; 5, 1938) 

Darling, Robert Croly, M.D.* 25 Hammond 8t., 
Cambridge, Mass. Assistant Professor of Indus- 
trial Physiology, Harvard University. (1, 1944) 

Darrow, Chester W., Ph.D. Institute for Juve- 
nile Research, 907 S. Wolcott St., Chicago, Ill. 
Research Psychologist, Institute for Juvenile 
Research; Associate in Physiology, University 
of Illinois College of Medicine. (1, 1937) 

Darrow, Daniel Cady, M.D. New Haven Hos- 
pital, New Haven, Conn. Associate Professor 
of Pediatrics, Yale University. (2, 1936) 

Davenport, Horace Willard, B.Sc. (Oxon.) Ph.D. 
Dept. of Physiology, Harvard Medical School, 
25 Shattuck St., Boston, Mass. Instructor in 
Physiology. (1, 1942) 

David, Norman Austin, M.D. University of 
Oregon Medical School, Portland. Professor of 

Pharmacology. (3, 1934) 
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Davidsohn, Israel, M.D. Mount Sinai Hospital, d 
2750 W. 15th Place, Chicago, Ill. Pathologist 
and Director of Laboratories, Mt. Sinai Hospital; 
*Associate Professor of Pathology, College of D 
Medicine, University of Illinois. (4, 1989; 6, 
1929) 
Davis, George Kelso, Ph.D: Nutrition Laboratory, D 
Animal Industry Dept., Agricultural Experi- 
ment Station, Gainesville, Fla. Nutritional 
Technologist and Biochemist, Univ. of Florida, 
Florida Agricultural Experiment Station. (5, | 
1944) de 
Davis, Hallowell, M.D. Harvard Medical School, | 
Boston, Mass. Associate Professor of Physi- De 
ology. (1, 1925) ] 
Davis, Harry A., M.D., C.M. Dept. of Surgery, J 
School of Medicine, Louisiana State University, De 
1542 Tulane Avenue, New Orleans. Associate ( 
Professor of Surgery. (4, 1944) ] 
Davis, John Emerson, M.S., Ph.D. Dept. of de 
Physiology and Pharmacology, Univ. of Arkan- n 
sas School of Medicine, Little Rock. Associate I 
Professor of Pharmacology. (1, 1941; 3, 1941) S 
Davson, Hugh, M.Sc., D.Sc. Dalhousie Univer- Det 
sity, Halifax, N.S., Canada. Experimental Sta- el 
tion, Porton, Wilts, England. Associate Professor P 
of Physiology. (1, 1941) 5, 
Dawson, James Robertson, Jr.. M.D. Vander- § Deu 
bilt Medical School, Nashville, Tenn. Associate 26 
Professor. (4, 1940) 01 
Dawson, Martin H., M.D., C.M. Presbyterian (2 
Hospital, 620 W. 168th St., New York City. @ Die: 
Associate Professor of Clinical Medicine. (4, He 
1934) Dill, 
Dawson, Percy M., M.D. Duke University Medical A. 
School, Durham, N. C. Visiting Professor, Dept. Q. 
of Physiology. (1, 1900) see 
Day, Harry G., D.Sc. University of Indiana, 194 
Bloomington. Associate Professor, Dept. of Dille 
Chemistry. (5, 1940) po 
Day, Paul L., M.A., Ph.D. University of Ar- Pas 
kansas School of Medicine, Little Rock. Profes- ai 
sor of Physiological Chemistry. (2, 1934; 5, lyti 
1933) Ding] 
de Beer, Edwin J., Ph.D. The Wellcome Research hai 
Laboratories, Tuckahoe, N. Y. Assistant Director BH For 
of Research. (3, 1944) DiPal 
De Bodo, Richard C., M.D. 477 First Ave., New Jacl 
York, N. Y. Associate Professor of Pharmacology, @ Disch 
New York Univ. College of Medicine. (1, 1932; Coll 
3, 1931) St., 
DeEds, Floyd, M.A., Ph.D. 344 Santa Ana Ave. ff Dixon 
San Francisco, Calif. Principal Pharmacologist,@ Van 
Western Regional Research Laboratory, 800 Chie 
Buchanan St., Albany, Calif. (2, 1987;; 8, 1927) ff , Gene 
Defandorf, James Holmes, Ph.D. Office of the Col 
Chief of the Chemical Warfare Service, Wash 
ington, D. C. Colonel, Sn.C. (3, 1940) tor of 
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de Gara, Paul F., M.D. 200 Pinehurst Ave., 
New York City. Instructor in Pathology, 
Cornell University Medical College. (6, 1941) 

DeGraff, Arthur C., M.D. New York University 
College of Medicine, New York City. Professor 
of Therapeutics. (3, 1937) 

Deichmann, Wilhelm, M.8c.,Ph.D. 527 McAlpin, 
Cincinnati, O. Instructor, Kettering Labora- 
tory of Applied Physiology; Instructor in Physi- 
ology, University of Cincinnati, College of Medi- 
cine. (3, 1941) 

del Pozo, E. C., M.D.* Medellin 196, Mexico, D. 
F., Mexico. (1, 1943) 

Dempsey, Edward W., Sc.M., Ph.D. Harvard 
Medical School, Boston, Mass. Instructor in 
Physiology. (1, 1940) 

Derbyshire, Arthur J., Ph.D. Wayne University 
College of Medicine, Detroit, Mich. Associate 
Professor of Physiology. (1, 1939) 

de Savitsch, Eugene, M.D. Suite 24, 1150 Con- 
necticut Ave., Washington, D. C. Clinical 
Instructor in Surgery, Georgetown University 
School of Medicine. (4, 1934) 

Deuel, Harry J., Jr., Ph.D. University of South- 


ern California Medical School, Los Angeles. | 


Professor of Biochemistry. (1, 1928; 2, 1924; 
5, 1933) . 

Deulofeu, Venancio, D. Chem. Casilla Correo 
2539, Buenos Aires, Argentina. Professor of 


Organic Chemistry, University of Buenos Aires. 
(2, 1942) 


Dienes, Louis, M.D. Massachusetts General 
Hospital, Boston. Bacteriologist. (6, 1924) 
Dill, David Bruce, M.A., Ph.D. 2033 Temp. Bldg. 
A., 0.Q.M.G., Washington, D. C. Lt. Col. 
Q.M.C.; Assistant for Product Analysis, Re- 
search and Development Branch 0.Q.M.G. (1, 

1941; 2, 1927; 5, 1936) 

Dille, James M., M.S., Ph.D. University of Ili- 
nois School of Medicine, 1853 Polk St., Chicago. 
(3, 1939) 

Dillon, Robert T., M.S., Ph.D. % G. D. Searle 
and Co., Box 5110, Chicago 80, Ill. Head, Ana- 
lytical Division. (2, 1934) 

Dingle, John H., Sc.D., M.D. Respiratory Dis- 
eases Comm. Lab., Station Hospital, Section 2, 
Fort Bragg, N. C. (6, 1941) 

DiPalma, Joseph R., M.D.* 40-12 76th St., 
Jackson Heights, L. I. (1, 1943) 

Dische, Zacharias, M.D. Dept. of Biochemistry, 
College of Physicians and Surgeons, 630 W. 168th 
St., New York City. (2, 1944) 

Dixon, Harold M., M.D. University of Pennsyl- 
vania, Philadelphia. Associate in Pathology; 
Chief of the Division of Pathology, Philadelphia 
General Hospital. (4, 1936) 

Doan, Charles A., M.D. Ohio State University, 
College of Medicine, Columbus. Professor and 
Chairman of the Department of Medicine; Direc- 
tor of Medical Research. (4, 1928) 
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Dochez, A. Raymond, M.D., Sc.D. (hon.). Pres- 
byterian Hospital, 620 W. 168th St., New York 
City. John E. Borne Professor of Medical and 
Surgical Research, Columbia University; Mem- 
ber of National Academy of Sciences. (4, 
prior to 1920; 6, 1922) 

Dohan, F. Curtis, M.D. 80 Princeton Rd., 
Cynwyd, Pa. Fellow, George S. Cor Medical 
Research Institute; Associate in Medicine, Uni- 
versity of Pennsylvania, Philadelphia. (1, 1941) 

Doisy, Edward A., M.S., Ph.D., Sc.D. St. Louis 
University School of Medicine, St. Louis 4, Mo. 
Professor of Biological Chemistry; Member, 
National Academy of Sciences. (2, 1920) 

Dominguez, Rafael, M.D. Saint Luke’s Hospital, 
11311 Shaker Blvd., Cleveland, O. Director of 
Laboratories, St. Luke’s Hospital; Associate in 
Pathology, Western Reserve University. (1, 1935) 

Donahue, D. D., D.Sc. Division of Industrial 
Hygiene, National Institute of Health, Bethesda, 
Md. Physiologist, Toxicology Section, Division 
of Industrial Hygiene, U. S. Public Health 
Service. (3, 1941) 

Dooley, M. S., M.D. 766 Irving Ave., Syracuse, 
N. Y. Professor of Pharmacology, College of 
Medicine, Syracuse University. (3, 1923) 

Dorfman, RalphI., Ph.D. Dept. of Biochemistry, 
Western Reserve University School of Medicine, 
Cleveland, O. Assistant Professor of Bio- 
chemistry. (2, 1940) 

Dotti, Louis Basil, M.A., Ph.D. St. Luke’s Hos- 
pital, Amsterdam Ave. and 113th St., New York 
City. Chemist, St. Luke’s Hospital; Associate in 
Physiology and Biochemistry, New York Medical 
College, Flower and Fifth Avenue Hospital, New 
York, N. Y. (1, 1937) 

Doty, J. Roy, Ph.D. American Dental Association 
Bureau of Chemistry, 222 E. Superior St., Chi- 
cago, Ill. Associate Chemist. (2, 1941) 

Dounce, Alexander L., Ph.D. Strong Memorial 
Hospital, 260 Crittenden Blvd., Rochester, 
N. Y. Instructor in Biochemistry, University of 
Rochester, School of Medicine and Dentistry. 
(2, 1944) 

Dow, Philip, Ph.D. University of Georgia School 
of Medicine, Augusta. Associate Professor of 
Physiology. (1, 1939) 

Dow, Robert S., M.D., Ph.D. University of 
Oregon Medical School, Portland. Associate 
Professor of Anatomy. (1, 1940) 

Downs, Ardrey W., M.A., M.D., D.sc., F.A.C.P. 
University of Alberta, Edmonton, Canada. 
Professor of Physiology and Pharmacology. 
(1, 1917) 


- Downs, Cora M., Ph.D. 1625 Alabama St., Law- 


rence, Kan. (6, 1929) 

Drabkin, David L., M.D. Medical School, Uni- 
versity of Pennsylvania, Philadelphia. Asso- 
ciate Professor of Physiological Chemistry. (2, 
1928; 5, 1934) 
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Dragstedt, Carl A., Ph.D., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, Ill. Professor of Pharmacology. (1, 
1928; 3, 1932) 

Dragstedt, Lester R., M.D., Ph.D. University of 
Chicago, Chicago, Ill. Professor of Surgery. 
(1, 1920) 

Draize, J. H., Ph.D. Division of Pharmacology, 
Food & Drug Administration, U. 8. Dept. of 
Agriculture, Washington, D. C. Pharmacologist. 
(3, 1940) 

Drake, T. G. H., M.B., F.R.C.P. (c). University 
of Toronto, Toronto, Canada. Junior Demon- 
strator in Paediatrics, Department of Medicine, 
University of Toronto; Clinical Assistant on 
Active Staff and Associate Director Research 
Laboratory, Hospital for Sick Children. (5, 
1936) 

Draper, William B., M.Sc., M.D. University of 
Colorado School of Medicine, 4200 E. 9th Ave., 
Denver. Associate Professor of Physiology and 
Pharmacology. (3, 1938) 

Dresbach, Melvin, M.S., M.D. Hahnemann Medi- 
cal College, Philadelphia, Pa. Visiting Fellow 
in Physiology. (1, 1912) 

Dreyer, Nicholas Bernard, M.A. (Oxon). Long 
Island College of Medicine, 350 Henry St., 
Brooklyn, N. Y. Associate Professor of Physi- 
ology and Pharmacology. (3, 1942) 

Drill, Victor Alexander,* Ph.D. Dept. of Pharma- 
cology, Yale University School of Medicine, 333 
Cedar St., New Haven, Conn. Instructor in 
Pharmacology. (1, 1943) 

Drinker, Cecil K., M.D. Harvard University 
School of Public Health, Boston, Mass. Pro- 
Jessor of Physiology and Dean. (1, 1915) 

Drinker, Katherine R., M.D. Harvard School of 
Public Health, 55 Shattuck St., Boston, Mass. 
Instructor in Public Health. (1, 1915) 

Drury, Douglas R., M.D. University of Southern 
California, Los Angeles. Professor of Physi- 
ology. (1, 1932) 

Dubin, Harry E., Ph.D. 250 E. 48rd St., New 
York City. President, H. E. Dubin Labora- 
tories, Inc. (2, 1925) 

DuBois, Eugene F., M.D. Cornell University 
Medical School, 1300 York Ave., New York, 
N. Y. Professor and Head of the Department of 
Physiology and Biophysics; Attending Physician, 
New York Hospital; Member, National Academy 
of Sciences; Captain (M.C.) U.S.N.R. (1, 
1913; 3, 1921; 5, 1935) 

Dubos, Rene J., Ph.D., D.Sc. Rockefeller Insti- 
tute for Medical Research, 66th St. and York 
Ave., New York City. Member. (6, 1938) 

Dukes, H. H., D.V.M., M.S. New York State 
Veterinary College, Cornell University, Ithaca, 
N.Y. Professor of Veterinary Physiology. (1, 
1934) 
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Dulaney, Anna D., A.M., Ph.D. Pathological L 
Institute, University of Tennessee, Memphis. 
Assistant Professor of Bacteriology, Medical 
School. (6, 1924) 

Dumke, Paul Rudolph, M.D. Clinical Research 
Section, Medical Research Lab., Edgewood | = 
Arsenal, Edgewood, Md. ‘Instructor in Pharma- 
cology, University of Pennsylvania; Captain, 

M.C. (8, 1942) Be 

Dunlap, Charles E., M.D. Tulane University of 
Louisiana, 1430 Tulane Ave. New Orleans. As- 
sociate Professor of Pathology. (4, 1942) 

Dunn, Max Shaw, Ph.D. University of Cali- j ™ 
fornia, Los Angeles. Professor of Chemistry. 
(2, 1933) 

Durrant, Edwin Poe, M.A., Ph.D. Ohio State | 
University, Columbus. Associate Professor of Ed 
Physiology. (1, 1928) I 

Dutcher, R. Adams, M.S., M.A., D.Sc. Pennsyl- . 
vania State College, State College. Professor 
and Head of Department of Agricultural Bio- Ed 
chemistry. (2, 1920; 5, 1938) I 

Duval, Charles Warren, M.D. Tulane Univer- A 
sity, New Orleans, La. Professor Emeritus of te 
Pathology and Bacteriology. (4, 1913) E 

du Vigneaud, Vincent, M.S., Ph.D. Cornell B 
University Medical College, 1300 York Ave., Ii 
New York 21, N. Y. Professor of Biochemistry; (é 
Member National Academy of Sciences. (2, 1929; Eds 
5, 1934) Sc 

Dworkin, Simon, D.D.8., M.D., CM. Biology 
Building, McGill University, Montreal, Quebec, Ed ’ 
Canada. Lecturer in Physiology, Faculty of “3 
Medicine. (1, 1931) ve 

Dye, J. A. Ph.D. James Law Hall, Cornell BH ¢, 
University, Ithaca, N. Y. Associate Professor Edw 
of Physiology. (1, 1929) lin 

Dye, Marie, M.S., Ph.D. Michigan State College, Edw: 
East Lansing. Dean of Division of Home Eco- Bu 
nomics. (2, 1929; 5, 1933) Ur 

Dyer, Helen M., M.S., Ph.D. National Cancer Egge 
Institute, U.S.P.H.S., Bethesda, Md. Research 335 
Associate. (2, 1936; 5, 1937) Pre 

Eadie, George S., Ph.D. Duke University School of 
of Medicine, Box 3709, Durham, N.C. Profes- @ Bhrey 
sor of Physiology and Pharmacology. (1, 1929; Cli 
3, 1940) 36t] 

Eagle, Harry, M.D. Johns Hopkins Hospital, BH an; 
Baltimore, Md. Passed Assistant . Surgeon, (2, 
U. S. Public Health Service; Lecturer in Medi- @ Riche 
cine, Johns Hopkins University Medical School. cage 
(4, 1936) Pro 

Earle, Wilton R., Ph.D. U. S. Public Health @ Eisem 
Service, National Cancer Institute, Bethesda, Sery 
Md. Senior Cytologist. (4, 1940) Cher 

Eaton, Alonzo Guy, M.A., Ph.D. Louisians & Elderf 
State University Medical Center, New Orleans. New 
Associate Professor of Physiology. (1, 1933) 1934. 
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Eaton, Monroe D., M.D. State Department of 
Public Health, Influenza Laboratory, 1392 
University Ave., Berkeley, Calif. Staff Mem- 
ber, International Health Division of The Rocke- 
feller Foundation. (6, 1937) 

Ecker, E. E., Ph.D. School of Medicine, Western 
Reserve University, 2085 Adelbert Rd., Cleve- 
land, O. Professor of Immunology. (4, 1925) 

Eckstein, Henry C., M.8., Ph.D. 320 W. Medical 
Building, University of Michigan, Ann Arbor. 
Associate Professor of Biological Chemistry. 
(2, 1925) 

Eddy, Nathan B., M.D. National Institute of 
Health, Bethesda, Md. Principal Pharmacolo- 
gist, United States Public Health Service. (I, 
1919; 3, 1929) 

Eddy, Walter H., A.M., Ph.D. 60 E. 42nd St., 
New York, N. Y. Professor Emeritus, Phy- 
siological Chemistry, Teachers College, Columbia 
University. (2, 1913; 5, 1933) 

Edsall, Geoffrey, M.D. Antitoxin and Vaccine 
Laboratory, 375 South St., Jamaica Plain, Mass. 
Acting Director, Division of Biologic Labora- 
tories, Massachusetts Department of Public 


Health; Associate in Public Health Laboratory 
Methods, Simmons College; Instructor in Applied 
Immunology, Harvard School of Public Health. 
(6, 1943) 

Edsall, John Tileston, M.D. Harvard Medical 


School, Boston, Mass. Associate Professor of 
Biological Chemistry and Tutor in Biochemical 
Sciences. (2, 1931). 

Edwards, Dayton J., Ph.D. 1300 York Ave., New 
York City. Associate Professor of Physiology; 
Assistant Dean, Cornell University Medical 
College. (1, 1921) 

Edwards, Jesse E., M.D. 25 Edgehill Rd., Brook- 
line, Mass. (4, 1941) 

Edwards, J. Graham, A.M., Ph.D. 24 High St., 
Buffalo, N. Y. Assistant Professor of Anatomy, 
University of Buffalo. (1, 1932) 

Eggerth, Arnold H., Ph.D. Hoagland Laboratory, 
335 Henry St., Brooklyn, N. Y. Associate 
Professor of Bacteriology, Long Island College 
of Medicine. (4, 1925) 

Ehrenstein, Maximilian R., Ph.D. 806 Maloney 
Clinic, University of Pennsylvania Hospital, 
36th and Spruce Sts., Philadelphia. Assist- 
ant Professor of Chemistry assigned to Medicine. 
(2, 1942) 

Eichelberger, Lillian, Ph.D. University of Chi- 
cago, Dept. of Medicine, Chicago, Ill. Assistant 
Professor of Biochemistry. (2, 1937) 

Eiseman, Anna J., Ph.D. U. 8. Public Health 
Service Hospital, Lexington, Ky. Biological 
Chemist. (2, 1930) 

Elderfield, Robert C., Ph.D. Columbia University, 
New York City. Professor of Chemistry. (2, 
1934) 
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Elftman, Herbert, M.A., Ph.D. College of Physi- 
cians and Surgeons, Columbia University, 630 
W. 168th St., New York City. Assistant Pro- 
fessor in Anatomy. (1, 1940) 

Eliot, Martha M., M.D. United States Children’s 
Bureau, Washington, D. C. Assistant Chief. 
(5, 1933) 

Elliott, K. Allan C., M.Sc., Ph.D. Montreal Neuro- 
logical Institute, 3801 University St., Montreal, 
Canada. (2, 1937) 

Ellis, Frederick W., M.D. Monson, Mass. (1, 
1887) 

Ellis, Lillian N., Ph.D. Adelphi College, Garden 
City, N. Y. (5, 1940) 

Ellis, Max Mapes, A.M., Ph.D., Sc.D. Univer- 
sity of Missouri, Columbia. Professor of Physi- 
ology and Pharmacology. (1, 1923) 

Ellis, N. R., M.S. Bureau of Animal Industry, 
U. S. Department of Agriculture, Beltsville 
Research Center, Beltsville, Md. Principal 
Chemist, Animal Nutrition Division. (2, 1928; 
5, 1933) 

Elser, William J.. M.D. 1300 York Ave., New 
York City. Emeritus Professor of Applied 
Pathology and Bacteriology, New York Hospital. 
(6, 1920) 

Elvehjem, Conrad Arnold, M.S., Ph.D., Sc.D. 
Biochemistry Buiiding, University of Wisconsin, 
Madison. Professor of Biochemistry; Member, 
National Academy of Sciences. (2, 1931; 5, 
1933) 

Emerson, George A., M.S., Ph.D. University of 
Texas, Medical Branch, Galveston. Professor of 
Pharmacology. (3, 1935) 

Emerson, Gladys A., Ph.D. Merck Institute of 
Therapeutic Research, Rahway, N. J. Nutri- 
tionist. (5, 1942) 

Emerson, Oliver H., Ph.D. Western Regional 
Research Laboratory, U. S. Dept. of Agricul- 
ture, Albany 6, Calif. Associate Chemist. 
(2, 1938) 

Emery, Frederick E., D.V.M., M.S., Ph.D. Uni- 
versity of Buffalo Medical School, Buffalo, N. Y. 
Assistant Professor of Physiology. (1, 1930) 

Emmett, Arthur D., M.A., Ph.D. Research De- 
partment, Parke, Davis & Co., Detroit, Mich. 
Assistant Director of Research. (2, 1908; 5, 
1933) 

Enders, John F., A.M., Ph.D. Department of 
Bacteriology, Medical School, Harvard Uni- 
versity, Boston, Mass. Assistant Professor of 
Bacteriology and Immunology. (6, 1936) 

Engle, Earl Theron, Ph.D. College of Physicians 
and Surgeons, Columbia University, 630 W. 
168th St., New York City. Professor of Anat- 
omy. (1, 1930) 

Epstein, Albert A., M.D. 1111 Madison Ave., 
New York City. Physician, Beth Israel Hos- 
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pital; Physician, Hospital for Joint Diseases. 

(2, 1912) 

Erickson, Cyrus C., M.D. Duke University 
School of Medicine, Durham, N. C. Associate 
in Pathology. (4, 1941) 

Erlanger, Joseph, M.D., LL.D., Sc.D. Washing- 
ton University School of Medicine, 4580 Scott 
Ave., St. Louis, Mo. Professor of Physiology; 
Member of the National Academy of Sciences. 
(1, 1901) 

Espe, Dwight L., Ph.D. Iowa State College, 
Ames. Assistant Research Professor in Dairy 
Husbandry. (1, 1940) 

Essex, Hiram E., M.S., Ph.D. Mayo Foundation, 
Rochester, Minn. Associate Professor of Physi- 
ology, Institute of Experimental Medicine. 
(1, 1982; 3, 1940) 

Ettinger, C. H., M.D., C.M., F.R.S.C.* Queen’s 
University, Kingston, Canada. Professor of 
Physiology. (1, 1943) 

Evans, Earl Alison, Jr., Ph.D. Department of 
Biochemistry, University of Chicago, Chicago, 
Ill. Professor and Chairman of Department. (2, 
1939) 

Evans, Everett Idris, M.D., Ph.D. Department 
of Surgery, Medical College of Virginia, Rich- 
mond. Assistant Professor of Surgery; Re- 
sponsible Investigator, Committee on Medical 
Research, National Research Council. (1, 1935) 

Evans, Gerald Taylor, M.D., Ph.D. University 
of Minnesota Hospitals, Minneapolis. Director 
of Laboratory Service, University of Minnesota 
Hospitals; Associate Professor of Medicine, 
University of Minnesota. (1, 1942) 

Evans, Herbert M., M.D. University of Cali- 
fornia, Berkeley. Professor of Anatomy and 
Director of Institute of Experimental Biology; 
Member of the National Academy of Sciences. 
(1, 1919) 

Evans, William E., Jr., M.S., Ph.D. University 
of Maryland Medical School, Baltimore. As- 
sistant Professor of Pharmacology. (8, 1940) 

Eveleth, D. F., Ph.D., D.V.M. North Dakota 
Agricultural College, Fargo. Professor, Vet- 
erinary Science, North Dakota Agricultural 
Experiment Station. (2, 1939) 

Everett, Mark Reuben, Ph.D. University of 
Oklahoma Medical School, Oklahoma City. 
Professor of Biochemistry. (2, 1929) 

Ewing, P. L., M.8., Ph.D. University of Texas 
School of Medicine, Galveston. Associate Pro- 
fessor of Pharmacology. (3, 1938) 

Eyster, John A. English, M.D. University of 
Wisconsin, Madison. Professor of Physiology. 
(1, 1906; 3, 1908) 

Fahr, George, M.D. 102 Millard Hall, University 

of Minnesota Medical School, Minneapolis. 

Professor of Clinical Medicine. (1, 1913; 3, 

1940) 
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Failey, Crawford F., Ph.D, 416 South 6th Street, 
Terre Haute, Ind. Department of Pharmacology, 
University of Chicago. Research Assoc., Asso- 
ciate Professor. (2, 1983) 

Fairhall, Lawrence T., M.A., Ph.D. U.S. Public 
Health Service, Washington, D. C. Principal 
Industrial Tozicologist.. (2, 1924). 

Falk, Carolyn R., B.A. 40 E. 66th St., New York 
City. Bacteriologist, Bureau of Laboratories, 
New York City Dept. of Health. (6, 1948) 

Falk, K. George, Ph.D. 40 E. 66th St., New York 
City. Director, Laboratory of Industrial Hy- 
giene. (2, 1913) 

Famulener, Lemuel W., Ph.C., M.D. 275 Engle St., 
Englewood, N. J. (6, 1920) 

Farber, Sidney, M.D. Harvard Medical School, 
25 Shattuck St., Boston, Mass. Assistant 
Professor of Pathology. (4, 1934) 

Farmer, Chester J.. A.M. Northwestern Medical 
School, 303 E. Chicago Ave., Chicago, Ill. Pro- 
fessor of Chemistry. (2, 1935) 

Farr, Lee E., M.D. Alfred I. duPont Institute, 
Wilmington, Del. Director of Research. On leave 
of absencein U.S. Navy. (4, 1941) 

Farrell, James I., Ph.D., M.D. 17 Chatauqua PI., 
Bradford, Pa. (1, 1938) 

Fassett, David W., M.D. Department of Thera- 
peutics, New York University College of Medi- 
cine, 414 E. 26 St., New York City. Fellow, 
Department of Therapeutics. (3, 1942) 

Favorite, Grant O., M.D. 1313 Andover Rd., 
Overbrook, Philadelphia, Pa. Professor of 
Bacteriology, Hahnemann Medical College, Phil- 
adelphia. (6, 1943) 

Fay, Marion, M.A., Ph.D. Woman’s Medical 
College of Pennsylvania, East Falls, Phila- 
delphia 29. Professor of Physiological Chemistry. 
(2, 1937) 

Feldman, Harry A., M.D. University of Tennes- 
see, Memphis. Fellow (on leave) in Medicine, 
Harvard Medical School; Capt., AUS, Chief 
Div. Bact. (6, 19438) 

Feldman, William H., D.V.M., M.S. The Mayo 
Foundation, Rochester, Minn. Associate in the 
Division of Experimental Surgery and Pathology. 
(4, 1934) 

Feller, Alto E., M.D. Commission on Acute Res- 
piratory Diseases, Station Hospital, Section 2, 
Fort Bragg, N. C. Consultant to Secretary of War. 
(6, 1943) 

Fellows, Edwin J., M.S., Ph.D. Temple Uni- 
versity School of Medicine, Philadelphia, Pa. 
Assistant Professor of Pharmacology. (3, 1939) 

Felton, Lloyd D., M.D., D.Sc. Division of Infec- 
tious Diseases, National Institute of Health, 
25th and E Sts., N.W., Washington, D.C. Senior 
Surgeon, United States Public Health Service. 
(6, 1926) 
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Fenn, Wallace Osgood, A.M., Ph.D. University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester, N. Y. Profes- 
sor of Physiology; Member, National Academy of 
Sciences. (1, 1924) 

Fenning, Con, M.D., M.A. University of Utah 
School of Medicine, Salt Lake City. Associate 
Professor of Pharmacology and Physiology. (1, 
1942) 

Ferguson, James Kenneth Wallace, M.A., M.D. 
76 Kilbarry Rd., Toronto, Ontario, Canada. 
Assistant Professor of Pharmacology, University 
of Toronto. Wing Commander, R.C.A.F. (1, 
1933 ; 3, 1941) 

Ferguson, John Howard, M.D., M.A., L.M.S.8.A. 
Dept. of Physiology, School of Medicine, Univer- 
sity of North Carolina, Chapel Hill. Professor of 
Physiology and Acting Professor of Pharmacol- 
ogy. (1, 1933; 3, 1939) 

Ferguson, L. Kraeer, M.D. 133 8S. 36th St. 
Philadelphia, Pa. Assistant Professor of Sur- 
gery, University of Pennsylvania; Surgeon, 
Philadelphia General Hospital; Assistant Sur- 
geon, University of Pennsylvania Hospital. 
(4, 1935) 

Ferry, John Douglass, Ph.D. Department of 
Physical Chemistry. Harvard Medical School, 
25 Shattuck St., Boston, Mass. Research Asso- 
ciate. (2, 1941) 


Ferry, Newell S., M.D., Parke, & Davis Co. 


Detroit, Mich. Assistant Director of Research. 
(6, 1916) F 

Ferry, Ronald M., M.D. 966 Memorial Drive, 
Cambridge, Mass. Master of John Winthrop 
House. (2, 1924) 

Fetcher, Edwin S., Jr., Ph.D.* 1800 Shroyer 
Road, Dayton, Ohio. Special Consultant to the 
Army Air Forces, AAF Materiél Command, 
Wright Field. (1, 1944) 

Fetter, Dorothy, Ph.D.* Department of Hygiene, 
Brooklyn College, Brooklyn, N. Y. Instructor in 
Physiology. (1, 1944) 

Fevold, Harry L., M.S., Ph.D. Western Regional 
Research Laboratory, Albany 6, Calif. Senior 
Biochemist. (2, 1942) 

Field, John, II, A.M., Ph.D. Stanford Univer- 
sity, Stanford, Calif. Professor of Physiology. 
(1, 1930) 

Fincke, Margaret L., Ph.D. Oregon State College, 
Corvallis. Associate Professor of Foods and 
Nutrition, School of Home Economics. (5, 
1940) 

Findley, Thomas, Jr., M.D. Ochsner Clinic, 
3503 Prytania, New Orleans, La. Head of the 
Department of Internal Medicine, Ochsner 
Clinic, New Orleans; Assistant Professor of 
Clinical Medicine, Tulane University School of 
Medicine. (1, 1988) 
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Fine, Morris S., Ph.D. Central Laboratories, 
General Foods Corporation, Hoboken, N. J. 
Director of Research. (2, 1912; 5, 1933) 

Finland, Maxwell, B.S. Boston City Hospital, 
Boston, Mass. Assistant Professor of Medicine, 
Harvard Medical School. (6, 1941) 

Firor, Warfield Monroe, M.D. Johns Hopkins 
Hospital, Baltimore, Md. Associate Professor 
of Surgery, Johns Hopkins University. (1, 1982) 

Fischer, Ernst, M.D., Dr. habil. Medical College 
of Virginia, Richmond. Associate Professor of 
Physiology and Pharmacology. (1, 1936) 

Fischer, Hermann O. L., Ph.D. Banting Insti- 
tute, 100 College St., University of Toronto, 
Toronto 5, Canada. Research Professor of Or- 
ganic Chemistry. (2, 1940) - 

Fischer, Martin H., M.D., Pharm. D. (hon.), Se.D. 
University of Cincinnati College of Medicine, 
Eden Ave., Cincinnati 19,0. Professor of Phys- 
tology. (1, 1901; 2, 1919) 

Fishberg, Ella H., M.A., M.D. Beth Israel Hos- 
pital, Stuyvesant Park East, New York City. 
Biochemist. (2, 1931) 

Fisher, Albert Madden, M.A., Ph.D. Connaught 
Laboratories, University of Toronto, Toronto, 
Canada. Research Associate. (2, 1944) 

Fisher, Kenneth C., M.A., Ph.D. University of 
Toronto, Toronto, Ont., Canada. Assistant 
Professor of Physiological Zoology. (1, 1940) 

Fiske, Cyrus H., M.D. Harvard Medical School, 
Boston, Mass. Professor of Biological Chemis- 
try. (2, 1914) 

Fitzgerald, Mabel P., 54 A, George Sq., Edinburgh, 
Scotland. (1, 1913) 

Fitzhugh, O. Garth, Ph.D. Division of Pharma- 
cology, Food and Drug Administration, Federal 
Security Agency, Washington, D. C. Pharma- 
cologist. (3, 1940) 

Fleischmann, Walter, M.D., Ph.D. Harriet Lane 
Home, Johns Hopkins Hospital, Baltimore, 
Md. Associate in Pediatrics, Johns Hopkins 
University. (1, 1940) 

Fleisher, Moyer S., M.D. Jewish Hospital, St. 
Louis, Mo. Research Bacteriologist. (4, 1924; 
6, 1932) 

Flexner, Louis B.. M.D. Department of Embry- 
ology, Carnegie Institution of Washington, 
Wolfe and Madison Sts., Baltimore, Md. Re- 
search Associate. (1, 1933) 

Flock, Eunice V., Ph.D. Mayo Clinic, Rochester, 
Minn. Assistant Professor of Biochemistry, 
University of Minnesota; Associate in the Divi- 
sion of Experimental Medicine, The Mayo 
Foundation. (2, 1940) 

Florman, Alfred L., M.D. 9th Service Command 
Laboratory, Presidio of Monterey, Calif. Lieut., 
M. C. (6, 1942) 
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Flosdorf, Earl W., Ph.D. Forest Grove, Bucks Co., 
Pa. Research—University of Pennsylvania School 
of Medicine. (6, 1941) 

Floyd, Cleveland, M.D., Sc.D. 246 Marlborough 
St., Boston, Mass. Chief Examiner, Boston 
Health Dept. (6, 1916) 

Foa, Piero Pio, Ph.D.* 7108. Wolcott St., Chicago, 
Ill. Assistant Professor of Physiology, Chicago 
Medical School. (1, 1944) 

Folch, Jordi, M.D. Rockefeller Institute for 
Medical Research, New York City. Associate. 
(2, 1941) 

Follensby, Edna M., Ph.G. 80 E. Concord St., 
Boston, Mass. Research Assistant, Evans Me- 
morial. (6, 1933) 

Follis, Richard H., Jr., M.D. Major, M.C. A.U.S. 
Hq. AAF., Office of Flying Safety, Winston 
Salem, N. C. Associate in Pathology, Harvard 
University (on leave of absence). (4, 1942) 

Foot, Nathan Chandler, M.D. 340 E. 72nd St., 
New York City. Professor of Surgical Pathol- 
ogy, Cornell University Medical College; Surgical 
Pathologist, New York Hospital. (4, 1924) 

Forbes, Alexander, A. M., M.D. Harvard Medi- 
cal School, Boston, Mass. Professor of Physi- 
ology; Member of the National Academy of 
Sciences. (1, 1910) 

Forbes, Ernest B., Ph.D. State College, Pa. 
Director of the Institute of Animal Nutrition. 
(1, 1917; 5, 1935) 

Forbes, Henry S., M.D. Forest St., Milton, Mass. 
Associate in Neuropathology, Harvard Medical 
School. (1, 1931) 

Forbes, John C., M.A., Ph.D. Medical College of 
Virginia, Richmond. Associate Professor of 
Biochemistry. (2, 1937) 

Forbes, William H., M.A., Ph.D.* Harvard Uni- 
versity, Fatigue Laboratory, Boston, Mass. 
Research Fellow, Assistant Director of Fatigue 
Lab., Assistant Professor of Industrial Physiol- 
ogy. (1, 1943) 

Fosdick, Leonard S., Ph.D. 311 E. Chicago Ave., 
Chicago, Ill. Professor of Chemistry, Northwest- 
ern University. (2, 1944) 

Foster, G. L., Ph.D. College of Physicians and 
Surgeons, 630 W. 168th St., New York City. 
Associate Professor of Biological Chemistry. 
(2, 1923) 

Foster, Harry E., M.D. Cutter Laboratory, 
Berkeley, Calif. Medical Director. (6, 1913) 
Foster, Robert H. K., Ph.D., M.D. 19 Brookfield 
Ave., Nutley, N. J. Chief Pharmacologist, 

Hoffman-La Roche, Inc. (1, 1940; 3, 1944) 

Foster, Ruth A. C., Ph.D. Dept. of Botany and 
Bacteriology, University of Texas, Austin. 
Instructor. (6, 1943) 

Fothergill, LeRoy D., M.D. Naval Medical Center, 
Bethesda, Md. Assistant Professor of Bacteriol- 
ogy and Immunology, Harvard Medical School. 
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Now serving as Lt. Comdr. M. C., U. 8. Naval 
Reserve. (6, 1936) 

Fraenkel-Conrat, Heinz, M.D., Ph.D. Western 
Regional Research Laboratory, Protein Division, 
Albany 6, Calif. Associate Research Chemist. (2, 
(1942) 

Francis, Thomas, Jr., M.D., M.S., Sc.D. (hon.). 
School of Public Health, University of Michigan, 
Ann Arbor. Professor of Epidemiology. (4, 
1940; 6, 1930) 

Franke, Florent E., M.D. 9 Sylvester, Webster 
Groves, Mo. Assistant Professor of Physiology, 
St. Louis University School of Medicine. (1, 
1934) : 

Frankel, Edward M., Ph.D. 214 River Rd., Nyack, 
N. Y. President, Supreme Liquors, Inc. (2, 
1916) 

Fraser, Alexander MacLeod, A.M., M.D., C.M. 
McGill University, Montreal, Canada. Lec- 
turer in Pharmacology. (3, 1939) 

Fraser, Donald T., M.B. Connaught Labora- 
tories, University of Toronto, Toronto 5, Canada. 
Professor of Hygiene and Preventive Medicine. 
(6, 1935) 

Free, Alfred H. School of Medicine, Western Re- 
serve University, Cleveland, O. Asst. Professor 
of Biochemistry. (5, 1944) 

Freeman, Harry, M.D. Worcester State Hospital, 
Worcester, Mass. Internist, Research Service. 
(1, 1939) 

Freeman, Leslie Willard, Ph.D., M.D.* 660 E. 
Groveland Park, Chicago, Ill. Resident, Chicago 
Memorial Hospital. (1, 1944) 

Freeman, Norman, E.,M.D. University of Penn- 
sylvania Medical School, Philadelphia. J. Wm. 
White Assistant Professor of Research Surgery. 
(1, 1936) 

Freeman, Smith, M.D., Ph.D. Northwestern 
University School of Medicine, 303 E. Chicago 
Ave., Chicago, Ill. Assistant Professor of 

_ Physiology and Pharmacology. (1, 1937) 

Freund, Jules, M.D. Public Health Research In- 
stitute of the City of New York, Foot of E. 
15th St., New York, N. Y. Member. (4, 1930; 
6, 1924) 

Friedemann, Theodore E., M.A., Ph.D. North- 
western University Medical School, 303 E. 
Chicago Ave., Chicago, Ill. Associate Professor 
of Physiology. (2, 1925) 

Friedemann, Ulrich, M.D. Department of Bac- 
teriology, The Jewish Hospital of Brooklyn, 
Classon and St. Marks Ave., Brooklyn, N. Y. 
(6, 1938) 

Friedewald, William F., 


M.D. International 
Health Division, The Rockefeller Foundaticn, 
66th St. and York Ave., New York City. Mem- 


ber of Siaff. (4, 1941) 
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friedgood, Harry B., M.D. Harvard Medical 
School, Boston, Mass. Instructor in Medicine. 
(1, 1936) 

Friedman, Maurice H., Ph.D., M.D. Hunter Field 
Regions! Hospital, Hunter Field, Ga. Captain 
(MC) AUS, Chief, Gastro-enterology. (1, 1929) 
friedman, M. H. F., M.A., Ph.D. Jefferson Medi- 
cal College of Philadelphia, 1025 Walnut St., 
Philade'phia, Pa. Assistant Professor of Physiol- 
ogy. (1, 1941) 
friedman, Nathan B., M.D. Stanford University 
School of Medicine, San Francisco, Calif. In- 
structor in Pathology. Army Medical Museum, 
7th & Independence, Washington, D.C. (4, 1942) 
frisch, Arthur W., Ph.D.,M.D. College of Medi- 
cine, Wayne University, Detroit, Mich. In- 
structor. (6, 1938) 
futon, J. S., Ph.D. Rockefeller Institute, 66th 
St. and York Ave., New York City. Associate 
in Chemistry. (2, 1938) 

Fuge, Nicholas W., M.S., Ph.D. State University 
of Iowa, Medical School, Iowa City. Instructor in 
Pharmacology, on leave. (3, 1944) 
fulton, John Farquhar, M.A., Ph.D.,M.D. Yale 
University School of Medicine, New Haven, 
Conn. Sterling Professor of Physiology. (1, 
1925) . 
funk, Casimir, D.Sc., Ph.D. 186 Riverside Drive, 
New York 24, N. Y. (2, 1921) 

Furth, Jacob, M.D. Cornell University Medical 
College, 1300 York Ave., New York City. Asso- 
ciate Professor of Pathology. (4, 1932; 6, 1930) 
aebler, Oliver H., Ph.D., M.D. Henry Ford 
Hospital, Detroit, Mich. Associate in Chem- 
istry. (2, 1927) 
affron, Hans, Ph.D. Chemical ‘Department, 
University of Chicago, Chicago, Ill. Research 
Associate (Assistant Professor). (2, 1941) 
agge, Adolf Pharo, Ph.D. Aeromedical Re- 
search Laboratory, Wright Field, Dayton, O. 
Lt. Col.; Chief, Biophysics Branch, Air Corps, 
U.S. Army; on leave from Yale University and 
John B. Pierce Laboratory of Hygiene. (1, 1939) 
alambos, Robert, M.A., PhD. University of 
Rochester School of Medicine and Dentistry, 
20 Crittenden Blvd., Rochester, N. Y. (1, 1942) 
all, Edward A., M.D. Bethesda Hospital, 
Cincinnati,O. Assistant Professor of Pathology, 
College of Medicine, University of Cincinnati. 
(4, 1941) 
allagher, Thomas F., Ph.D. University of 
Chicago, Chicago, Ill. Associate Professor of 
Biochemistry. (2, 1932) 
allup, Willis D., M.S., Ph.D. Oklahoma Agri- 
cultural and Mechanical College, Stillwater. 
Chemist and Professor of Agricultural Chemistry. 
(2, 1982) 
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Gamble, James L., M.D.,S.M. 33 Edgehill Rd., 
Brookline, Mass. Professor of Pediatrics, Har- 
vard Medical School. (2, 1922; 5, 1933) 

Gantt, W. Horsley, M.D. Phipps Psychiatric 
Clinic, Johns Hopkins Hospital, Baltimore, Md. 
Associate in Psychiatry. (1, 1935) 

Garbat, Abraham L., M.D. 103 E. 78th St., 
New York City. Attending Physician, Lenox 
Hill Hospital. (6, 1913) 

Gardner, Leroy U., M.D. Saranac Laboratory 
for Study of Tuberculosis, Saranac Lake, N. Y. 
Director of the Trudeau Foundation. (4, 1927) 

Garrey, Walter Eugene, Ph.D.,M.D. Vanderbilt 
University School of Medicine, Nashville, Tenn. 
Professor of Physiology. (1, 1910; 2, 1906) 

Gasser, Herbert S., A.M., M.D:, Se.D. (hon.) 
Rockefeller Institute for Medical Research, 
66th St. and York Ave., New York City. Di- 
rector of Laboratories; Member of the National 
Academy of Sciences. (1, 1915; 3, 1924) 

Gates, Olive, M.D. 25 Shattuck St., Boston, Mass. 
Associate Pathologist. (4, 1940) 

Gaunt, Robert, Ph.D. Washington Square Col- 
lege, New York University, New York City. 
Associate Professor of Biology. (1, 1939) 

Gay, Leslie N., M.D. 1114 St. Paul St., Balti- 
more, Md. Director of the Allergy Clinic, 
Johns Hopkins Hospital; Visiting Physician to 
Johns Hopkins Hospital; Associate in Medicine, 
Johns Hopkins University. (6, 1927) 

Geiling, E. M. K., M.S.,M.D., Ph.D. University 
of Chicago, Chicago, Ill. Frank P. Hizon Dis- 
tinguished Service Professor of Pharmacology 
and Chairman of Department. (1, 1933; 2, 1927; 
3, 1925) 

Gelfan, Samuel, Ph.D. 212 West 72nd St., New 
York, N. Y. Assistant Professor of Physiology, 
Columbia University College of Physicians and 
Surgeons. (1, 1930) 

Gellhorn, Ernst, M.D., Ph.D. Room 116, Medical 
Sciences, University of Minnesota, Minneap- 
olis. Professor of Neurophysiology. (1, 1930) 

Gemmill, Chalmers L., M.D. School of Aviation 
Medicine, Pensacola, Fla. Commander, U.S.N.R. 
(1, 1928; 2, 1935) 

Gerard, R. W., Ph.D., M.D. University of 
Chicago, Chicago, Ill. Professor of Physiology. 
(1, 1927) 

Gerstenberger, Henry John, M.D. Western 
Reserve University, Cleveland, O. Professor 
of Pediatrics, School of Medicine, Western Re- 
serve University; Director of Pediatrics, Babies 
and Children’s Hospital. (5, 1938) 

Gesell, Robert, M.D. University of Michigan, 
Ann Arbor. Professor of Physiology. (1, 1913) 

Gettler, Alexander O., A.M., Ph.D., LL.D. New 
York University, 29 Washington Place, New 
York City. Professor of Chemistry and Tozi- 
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cology; Toxicologist to Chief Medical Examiner’s 
Office. (2, 1916) 

Gey, George Otto, M.D. Cancer Research and 
Tissue Culture Laboratory, Johns Hopkins 
Medical School, Baltimore, Md. Instructor in 
Surgery. (1, 1940) 

Gibbs, Frederick Andrews, M.D. Neuropsychi- 
atric Institute, University of Illinois, 912 So. 
Wood St., Chicago. (1, 1935) 

Gibbs, Owen Stanley, M.B., Ch.B. (Edin.) 
R.F.D. 4, Box 428, Memphis, Tenn. Research 
Consultant. (1, 1935; 3, 1930) 

Gibson, Robert Banks, Ph.D. University Hos- 
pital, Iowa City, Iowa. Associate Professor of 
Biochemistry, State University of Iowa. (I, 
1907; 2, 1906) 

Gies, William John, M.S., Ph.D., Sc.D., LL.D., 
F.A.C.D. 632 W. 168th St., New York City. 
Professor of Biological Chemistry, Columbia 
University. (1, 1898; 2, 1906; 3, 1909) 

Gilbert, Ruth, A.M.,M.D. R.F.D. 2, Altamont, 
N. Y. Bacteriologist, New York State Depart- 
ment of Health, Albany. (6, 1920) 

Gilman, Alfred, Ph.D. Edgewood Arsenal, Md. 
Captain, Sn.C., A.U.S. (1, 1935; 3, 1934) 

Gilson, Arthur S., Jr., A.M., Ph.D. Washington 
University Medical School, St. Louis, Mo. 
Associate Professor of Physiology. (1, 1927) 

Githens, Thomas Stotesbury, M.D. The Cam- 


bridge, Wissahickon and Chelten Aves., Ger- 


mantown, Philadelphia, Pa. (1, 1915) 

Givens, Maurice H., Ph.D. 1750 N. Ashland 
Ave., Chicago, Ill. Biochemist, Northwestern 
Yeast Company. (1, 1917; 2, 1915) 

Glaser, O. C., Ph.D. Amherst College, Amherst, 
Mass. Professor of Biology. (1, 1913) 

Glazko, Anthony J., Ph.D. 2319 College Ave., 
Berkeley, Calif. Naval Laboratory Research 
Unit No. 1, University of California, Berkeley. 
(1, 1942) 

Glick, David, Ph.D. Russell-Miller Milling Co. 
Minneapolis, Minn. Head, Vitamin and Enzyme 
Research. (2, 1936) 

Goebel, Walther F., Ph.D. The Rockefeller In- 
stitute for Medical Research, 66th St. and 
York Ave., New York City. Member. (2, 1929; 
6, 1937) 

Goerner, Alfred, Ph.G., Pharm. D., M.D. Long 
Island College of Medicine, 350 Henry St., 
Brooklyn, N. Y. Associate Professor of Bio- 
logical Chemistry. (2, 1939) 

Goettsch, Marianne, Ph.D. School of Tropical 
Medicine of Columbia University, San Juan, 
Puerto Rico. Assistant Professor of Chemistry. 
(2, 1933; 5, 1941) 

Gold, Harry, M.D. 1300 York Ave., New York 
City. Assistant Professor of Pharmacology, 
Cornell Medical College. (3, 1927) 
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Goldblatt, Harry, M.D. Western Reserve Uni- 
versity, Cleveland, O. Professor of Experi- 
mental Pathology, and Associate Director, In- 
stitute of Pathology. (4, 1927) 

Goldfarb, Walter, M.D. 120 Station Hospital, 
A. P. O. 508, New York, N. Y. Captain, M.C, 
(1, 1938) 

Goldforb, A. J., Ph.D. College of the City of 
New York, New York City. Professor of 
Biology. (1, 1930) 

Goldie, Horace, M.D., D.T.M. Lederle Labora. 
tories, Pearl River, N. Y. (6, 1943) 

Goldring, William, M.D. New York University 
College of Medicine, 477 First Ave., New York 
City. Assistant Professor of Medicine. (I, 
1939) 

Goldschmidt, Samuel, Ph.D. University of Penn- 
sylvania Medical School, Philadelphia. Asso. 
ciate Professor of Physiology. (1, 1919; 2, 1915) 

Goldsmith, Grace A. Tulane University of 
Louisiana, New Orleans. (5, 1943) 

Goodman, Louis Sanford, M.A., M.D. University 
of Utah School of Medicine, Salt Lake City. 
Professor of Pharmacology and Chairman of the 
Department of Pharmacology and Physiology. 
(3, 1937) 

Goodner, Kenneth, Ph.D. Rockefeller Institute, 
66th St. and York Ave., New York City. Asso- 
ciate. (6, 1932) 

Goodpasture, Ernest William, M.D. Vanderbilt 
University Medical School, Nashville, Tenn. 
Professor of Pathology, (4, 1923) 

Gordon, Albert S., M.S., Ph.D. Washington 
Square College of Arts and Sciences, New York® 
University, New York City. Assistant Professor 
of Biology. (1, 1942) 

Gordon, Harry H., M.D. 525 E. 68th St., New 
York City. Associate in Pediatrics, Cornell 
University Medical School; Associate Attending 
Pediatrician, New York Hospital; Medica 
Officer, U. S. Dept. Labor. (5, 1940) 

Gordon, Irving, M.D. Commission on Acute Res- 
piratory Diseases, Station Hospital #2, Fo 
Bragg, N.C. (6, 1943) 

Gordon, William G.,.M.A., Ph.D. Eastern Re 
gional Research Laboratory, U. 8. Departmen 
of Agriculture, Chestnut Hill Station, Phila 
delphia, Pa. Chemist. (2, 1939) 

Goss, Harold, Ph.D. University of Californis 
College of Agriculture, Davis. Professor 4 
Animal Husbandry. (2, 1986; 5, 1933) 

Gottschall, Russell Y., M.S., Ph.D. Bureau of 
Laboratories, Michigan Department of Health, 
Lansing. Bacteriologist. (6, 1939) 

Goudsmit, Arnoldus, Jr., M.D., Ph.D. 40 Roberts 
Avenue, Glenside, Pa. Medical Corps, 232 Gen 
eral Hospital, Camp Barkeley, Texas. (1, 1940) 

Govier, William M., M.D. Sharp and Dohme, Inc. 
Glenolden, Pa. Pharmacologist—Medical-Re 
search Division. (8, 1944) 
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Grabfield, G. Philip, M.D. 27 Forest St., Milton, 
Mass. Associate in Medicine and Pharmacology, 
Harvard Medical School. (At present on leave of 
absence; Col. M.C., U.S. A.) (8, 1928) 

Grady, Hugh G., M.D. Fitzgerald-Mercy Hos- 
pital, Darby, Pa. Director of Laboratories. 
(4, 1940) 

Graef, Irving, M.D. New York University Col- 
lege of Medicine, New York City. Associate 
Professor of Pathology; Pathologist, Bellevue 
Hospital and New York University Clinic. 
(4, 1941) 

Graham, Clarence H., Ph.D. Brown University, 
Providence, R. I. Professor of Psychology. 
(1, 1933) 

Graham, Helen Tredway, A.M., Ph.D. Euclid 
Ave. and Kingshighway, St. Louis, Mo. Asso- 
ciate Professor of Pharmacology, Washington 
University School of Medicine. (1, 1933; 3, 
1931) 

Grant, R. Lorimer, M.S., Ph.D. Division of 
Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington 25, D. C. 
Pharmacologist. (2, 1938) 

Graubard, Mark, M.A., Ph.D. 3427 Oakwood Ter., 
N. W., Washington, D.C. (1, 1940) 


Grauer, Robert C., M.D. Allegheny General 
Hospital, Pittsburgh, Pa. Head of Department 
of Research in Endocrinology and Metabolism, 


William H. Singer Memorial Research Labora- 
tory; Lecturer in Pathology, School of Medicine, 
University of Pittsburgh. (4, 1941) 

Graves, Stuart, M.D. School of Medicine, 

f University of Alabama, University. Dean and 

Professor of Pathology. (6, 1918) 

Gray, John S., M.S., Ph.D. Research Division, 
School of Aviation Medicine, Randolph Field, 
Texas. Assistant Professor of Physiology, 
Northwestern University Medical School, 

WM Chicago, Ill. (on leave). (1, 1937) 

Gray, Samuel H., M.D. The Jewish Hospital of 

‘St. Louis, Kingshighway and Forest Park Blvd., 
St. Louis, Mo. Pathologist, Jewish Hospital; 
Director of Laboratories, City Hospitals; Asso- 
ciate Professor of Pathology, Washington Uni- 
versity. (4, 1939) 

Greaves, J. D., M.S., Ph.D. 3211 S. W. 10th Ave., 

_ Portland, Ore. (2, 1938) 

‘Greaves, Joseph E., Ph.D. Utah State Agricul- 

I turai College, Logan. Professor and Head of 
Department of Bacteriology and Biochemistry. 
(2, 1940) 

Greeley, Paul O., A.M., Ph.D.,M.D. University 
of Southern California Medical School, Univer- 
sity Park, Los Angeles. Dept. of Aviation Medi- 
cine. (1, 1940) 

Green, Arda Alden, M.D. Medical School, Wash- 
ington University, St. Louis, Mo. Assistant 
Professor of Biological Chemistry; Research 
Associate in Pharmacology. (2, 1932) 
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Green, Daniel M., M.S., M.D. Headquarters 73rd 
Bombardment Wing, APO 17159, c/o Postmaster, 
San Francisco, Calif. Instructor, Pharmacology 
and Therapeutics, University of Tennessee (on 
leave) Major, 0-291385 M.C. (3, 1942) 

Green, David E., Ph.D. Department of Medicine, 
College of Physicians and Surgeons, Columbia 
University, New York City. Associate in Bio- 
chemistry. (2, 1941) 

Green, Harold David, M.D. Western Reserve 
University, School of Medicine, Cleveland, O. 
Associate Professor of Physiology. (1, 1936) 

Green, Robert, M.A., M.D. 223 Millard Hall, 
University of Minnesota, Minneapolis. Profes- 
sor of Bacteriology and Immunology. (6, 1930) 

Greenberg, David Morris, Ph.D. University of 
California, Berkeley. Professor of Biochemistry. 
(2, 1927) 

Greene, Carl Hartley, Ph.D., M.D. 140 E. 54th 
St., New York City. Associate Clinical Professor 
of Medicine, New York Post-Graduate Medical 
School of Columbia University; Clinical Professor 
of Medicine, Long Island College of Medicine. 
(1, 1921; 2, 1922; 4, 1924) 

Greene, Charles Wilson, A.M., Ph.D. 814 Vir-. 
ginia Ave., Columbia, Mo. Lecturer in Physi- 
ology, Stanford University; Professor Emeritus 
of Physiology and Pharmacology, University of 
Missouri. (1, 1900; 2, 1919; 3, 1909) 

Greene, Harry S. N., M.D., C.M. Department of 
Pathology, Yale University School of Medicine, 
New Haven, Conn. Professor of Pathology. (4, 
1937) 

Greene, James Alexander, M.D. Baylor Univer- 
sity College of Medicine, 509 Lincoln St., Hous- 
ton, Texas. Professor of Medicine. (1, 1939) 

Greene, James Alexander; M.D. Baylor Univer- 
sity, College of Medicine, Buffalo Drive., Hous- 
ton, Texas. Professor and Chairman of the De- 
partment of Internal Medicine and Dean of the 
Clinical Faculty. (1, 1939) 

Greene, Ronald R., M.S., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, Ill. Instructor in Physiology; Instruc- 
tor in Obstetrics and Gynecology. (1, 1941) 

Greengard, Harry, Ph.D., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, Ill. Assistant Professor of Physiology. 
(1, 1939) 

Greenstein, Jesse P., Ph.D. National Cancer In- 
stitute, Bethesda, Md. Senior Biochemist. (2, 
1935) 

Greenwald, Isidor, Ph.D. 477 First Ave., New 
York City. Associate Professor of Chemistry, 
New York University College of Medicine. 
(2, 1912; 5, 1933) 

Greep, Roy O., Ph.D. Squibb Institute for Medi- 
cal Research, New Brunswick, N. J. Research 
Associate in Pharmacology. (1, 1940) 
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Greer, C.M., M.S. Vanderbilt University School 
of Medicine, Nashville, Tenn. Research Asso- 
ciate in Pharmacology. (3, 1938) 

-Gregersen, Magnus I., A.M., Ph.D. College of 
Physicians and Surgeons, Columbia University, 
630 W. 168th St., New York City. Professor of 
Physiology. (1, 1933) 

Gregg, Donald Eaton, M.S., Ph.D. Department 
of Medicine, Western Reserve Medical School, 
2109 Adelbert Rd., Cleveland, O. Associate 
Professor of Physiology. (1, 1933) 

Gresheimer, Esther M., Ph.D., M.D. Temple 
University Medical School, 3400 N. Broad St., 
Philadelphia, Pa. Professor of Physiology. (1, 1925) 

Griffin, Angus, Ph.D. Department of Bacteri- 
ology, George Washington University School 
of Medicine, 1335 H St., N.W., Washington, 
D. C. Assistant Professor of Bacteriology. 
(6, 1940) 

Griffith, Fred R., Jr., M.A., Ph.D. 24 High St., 
Buffalo, N. Y. Professor of Physiology, Uni- 
versity of Buffalo Medical School. (1, 1928; 
5, 1933) 

Griffith, Wendell H., M.S., Ph.D. APO #887, 
c/o P.M., New York City. Lt. Col., Office Chief 
Surgeon, Sanitary Corps, ETOUSA. On leave as 
Professor of Biochemistry, St. Louis University 
School of Medicine. (2, 1923; 5, 1934) 


Grimson, Keith S., M.D.* Duke University School 
of Medicine, Durham, N. C. Associate Professor 


of Surgery. (1, 1943) 

Groat, William A., M.D. 713 E. Genesee St., 
Syracuse,N.Y. Professor of Clinical Pathology, 
Syracuse University College of Medicine. (6, 
1917) 

Grollman, Arthur, M.D., Ph.D. Southwestern 
Medical College, 2211 Oak Lawn Ave., Dallas, 
Texas. Professor of Experimental Medicine and 
Lecturer in Physiology and Pharmacology. (1, 
1928; 3, 1933) 

Gross, Erwin G., Ph.D., M.D. Medical Labora- 
tories, State University of Iowa, Iowa City. 
Professor of Pharmacology. (1, 1927; 2, 1923; 
3, 1927) 

Gross, Robert E., M.D. Harvard Medical School, 
300 Longwood Ave., Boston, Mass. Assistant 
Professor of Surgery. (4, 1940) 

Gruber, Charles M., A.M., M.D., Ph.D. Jeffer- 
son Medical College, 1025 Walnut St., Philadel- 
phia, Pa. Professor of Pharmacology. (1, 1914; 
3, 1919) 

Gruhzit, Oswald M., M.D. Research Laboratories, 
Parke, Davis & Co., Detroit, Mich. Research in 
Pathology and Pharmacology. (4, 1928) 

Grundfest, Harry, A.M., Ph.D. 37 Ward Ave., 
Rumson, N.J. (1, 1932) 

Gudernatsch, F., Ph.D. Graduate School, New 
York University, Washington Square E., New 
York City. Visiting Professor. (1, 1930) 
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Guerrant, N. B., M.S., Ph.D. Pennsylvania 
State College, State College. Professor of 
Biological Chemistry. (2, 1934; 5, 1933) 

Guest, George Martin, M.S., M.D. The Chil. 
dren’s Hospital, Research Foundation, Elland 
and Bethesda Aves., Cincinnati, O. Fellow of 
the Children’s Hospital Research Foundation; 
Associate Professor of Pediatrics, University of 
Cincinnati, College of Medicine and Graduate 
School. (2, 1933) 

Gulick, Addison, A.M., 
Ave., Columbia, Mo. 
Chemistry, University of Missouri. 
5, 1933) 

Gunn, Francis D., M.D. University of Utah, 
School of Medicine, Salt Lake City. Professor of 
Pathology. (4, 1938) 

Gurin, S., M.S., Ph.D. University of Pennsyl- 
vania School of Medicine, Philadelphia. Assist- 
ant Professor in Physiological Chemisiry. (2, 
1938) 

Gustavson, Reuben G., Ph.D. University of 
Colorado, Boulder. Professor of Chemistry. 
(2, 1927) 

Gustus, Edwin L., M.Sc., Ph.D. Benning Hall, 3445 
38th St., N.W., Washington 16, D.C. Research 
and Development Branch, 
Division, OQMG, War Department, Director of 
Research. (2, 1934) 

Guthrie, Charles Claude, M.D., Ph.D., Sc.D. 
University of Pittsburgh Medical School, Pitts- 
burgh, Pa. Professor of Physiology and Phar- 
macology. (1, 1905; 3, 1909) 

de Gutiérrez-Mahoney, C.G., M.D. 1032 Andalu- 
sia Ave., Coral Gables, Fla. Associate Profes- 
sor of Neurology, Vanderbilt Univ. School of 
Medicine, Nashville, Tenn., Lt. Col., M.C. 
AAF., Regional Station Hospital. (1, 1940; 
4, 1941) 

Gyérgy, Paul, M.D. Babies’ and Children’s 
Hospital, Western Reserve University, 2108 
Adelbert Rd., Cleveland, O. Associate Pro 
fessor of Pediatrics. (2, 1938; 5, 1939) 

Haag, Harvey B., M.D. Medical College of Vir- 
ginia, Richmond. Professor of Pharmacology. 
(3, 1934) 

Haag, J. R., Ph.D. Oregon Agricultural Experi- 
ment Station, Corvallis. Chemist. (5, 1941) 
Hadley, Philip Bardwell, Ph.D. Institute of 
Pathology, Western Pennsylvania Hospital, 
Pittsburgh. Chief of Bacteriological Service 

and Research Bacteriologist. (4, 1927) 

Hafkesbring, H. Roberta, Ph.D. Woman’s Medi- 
cal College of Pennsylvania, East Falls, Phila 
delphia. Associate Professor of Physiology: 
(1, 1931) 

Haggard, Howard W., M.D. 4 Hillhouse Ave, 
New Haven, Conn. Director of the Laboratory 


Ph.D. 308 Westmount 
Professor of Physiological 
(1, 1915; 





Military Planning 


olog 
Halse 
Mis 
Tul 
Halst 
cine 
ciat 
sion 
Ham, 


ALPHABETICAL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 


of Applied Physiology, Yale University. (I, 
1919; 2, 1920) 

Hahn, Paul F., Ph.D. Vanderbilt University 
School of Medicine, Nashville, Tenn. Associate 
Professor of Biochemistry. (4, 1939) 

Haig, Charles, M.A., Ph.D. New York Medical 
College, Flower and Fifth Avenue Hospital, 
Fifth Ave. at 105th St., New York City. Asszst- 
ant Professor of Physiology. (1, 1942) 

Haist, Reginald E., M.A., M.D., Ph.D.* Univer- 
sity of Toronto, Toronto, Ontario, Canada. As- 
sistant Professor of Physiology. (1, 1943) 

Haldi, John, A.M., Ph.D. Emory University, 
Emory University, Ga. (1, 1928) 

Hale, Worth, M.D. Harvard Medical School, 
Boston, Mass. Associate Professor of Phar- 
macology. (1, 1908; 3, 1908) 

Hale, Wm. M., M.D. The State University of 
Iowa College of Medicine, Iowa City. Professor 
of Bacteriology. (4, 1941; 6, 1935) 

Hall, F. G., M.A., Ph.D. Duke University, 
Durham, N. C. Professor of Zoology. (I, 
1937) 

Hall, George Edward, M.D., Ph.D. 1st Floor 

, Annex, Jackson Bldg., Ottawa, Can. Captain, 
R.C.A.F.; Associate Professor, Banting Insti- 

F tute, University of Toronto. (1, 1938) : 

Hall, Victor E., M.A., M.D. Department of 
Physiology, Stanford University, Calif. Profes- 
sor of Physiology. (1, 1934) 


Halliday, Nellie, Ph.D. Research Laboratory, 
Mt. Zion Hospital, San Francisco, Calif. (5, 
1933) 

Halpert, Béla, M.D. University of Oklahoma 
School of Medicine, Oklahoma City. Director of 
Laboratories and Professor of Clinical Path- 


ology. (4, 1936) 

Halsey, John T., M.D. P.O. Box 264, Waveland, 
Miss. Professor Emeritus of Pharmacology, 
Tulane University of Louisiana. (3, 1929) 

Halstead, Ward C., M.A., Ph.D. Dept. of Medi- 
cine, University of Chicago, Chicago, Ill. Asso- 
ciate Professor Experimental Psychology, Divi- 
sion of Psychiatry. (1, 1942) 

Ham, Arthur W., M.B. University of Toronto, 
Toronto 5, Canada. Associate Professor of 
Anatomy, in charge of Histology. (4, 1939) 

Hambourger, Walter E., Ph.D., M.D. G. D. 
Searle & Co., P. O. Box 5110, Chicago, Ill. Chief 
Pharmacologist. (3, 1934) 

Hamilton, Bengt L. K., M.D., ScD. 826 E. 61st St., 
Chicago, Ill. (2, 1925) 

Hamilton, James B., Ph.D. University of Mis- 
souri, Dept. of Anatomy, School of Medicine, 
Columbia. Associate Professor of Anatomy. (1, 
1938) 

Hamilton, Tom S., M.S., Ph.D. 551 Old Agricul- 
tural Building, Urbana, Ill. Professor of Ani- 
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mal Nutrition, University of Illinois. (2, 1987; 
5, 1938) 

Hamilton, W. F., Ph.D. University of Georgia 
School of Medicine, Augusta. Professor of 
Physiology and Pharmacology. (1, 1924) 

Hammett, Frederick S., M.S., A.M., Ph.D. 493 
Commercial St., Provincetown, Mass. Scien- 
tific Director, Lankenau Hospital Research 
Institute, Philadelphia, Pa. (1, 1920; 2, 1917) 

Hammon, William McD., M.D., M.P.H., Dr. 
P.H. 104 Lunado Way, San Francisco, Calif. 
Associate Professor of Epidemiology; Lecturer in 
Tropical Medicine; Lecturer in Nursing. (4, 
1944) 

Hampel, C. W., Ph.D. New York University 
College of Medicine, New York. N. Y. Visiting 
Professor of Physiology. (1, 1936) 

Handler, Philip, M.S., Ph.D. Duke University 
School of Medicine, Durham, N. C. Assistant 
Professor of Biochemistry and Nutrition. (2, 
1944) 

Handley, Carroll A., Ph.D. Baylor Univ. College 
of Medicine, Houston 1, Texas. Professor of 
Physiology and Pharmacology, and Acting Head 
of the Department. (3, 1942) 

Haney, Hance F., Ph.D., M.D. University of 
Oregon Medical School, Portland. Professor of 
Physiology and Head of the Depariment. (1, 
1939) 

Hanger, Franklin, M.D. College of Physicians 
and Surgeons, 630 W. 168th St., New York City. 
Associate Professor of Medicine, Columbia 
University. (6, 1930) 

Hanke, Martin E., Ph.D. University of Chicago, 
Chicago, Ill. Associate Professor of Biochemis- 
try. (2, 1925) 

Hanke, Milton Theo., Ph.D. 7550 S. Green St., 
Chicago, Ill. Research Consultant, Biochemis- 
try and Nutrition. (2, 1919) 

Hanks, John H., Ph.D. Culion, Palawan, Philip- 
pine Islands. (6, 1935) 

Hansen, Arild E., M.D. University of Texas Medi- 
cal School, Galveston. Professor of Pediatrics and 
Chairman of the Department; Director of the 
University of Texas Child Health Program. 
(4, 1941; 5, 1942) 

Hanzal, Ramon F., M.A., Ph.D. Killian Research 
Laboratories, 49 W. 45th St., New York City. 
Biochemist. (2, 1935) 

Hanzlik, Paul J.,A.M.,M.D. School of Medicine, 
Stanford University, Sacramento and Webster 
Sts., San Francisco, Calif. Professor of Phar- 
macology. (1, 1912; 3, 1912) 

Hardy, James Daniel, A.M., Ph.D. Russell 
Sage Institute of Pathology, 525 E. 68th St., 
New York City. Research Associate. (1, 1939) 

Hardy, Mary, D.Sc. The Brearley School, 610 
E. 83rd St., New York City. Teacher of Science. 
(1, 1933) 
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Hare, Kendrick, Ph.D. State University of Iowa, 
Iowa City. Assistant Professor of Anatomy. 
(1, 1938) 

Harger, R. N., M.A., Ph.D. Indiana University 
School of Medicine, Indianapolis. Professor of 
Biochemistry and Toxicology. (2,1938) . 

Harkins, Henry Nelson, M.S8., Ph.D., M.D. Johns 
Hopkins Hospital, Baltimore, Md. Associate 
Professor of Surgery, Johns Hopkins University 
Medical School. (1, 1942) 

Harmon, Paul M., A.M., Ph.D. 
sity, Bloomington. 
(1, 1930) 

Harne, O. G. University of Maryland School of 
Medicine, Baltimore. Associate Professor of 
Histology. (1, 1935) 

Harned, Ben King, M.S., Ph.D. Lederle Labora- 
tories, Pearl River, N. Y. Research Pharmacolo- 
gist. (2, 1931; 3, 1941) 

Harris, Albert H., 2nd, M.D. Loudenville, N. Y. 
(6, 1937) 

Harris, Albert Sidney, Ph.D. Western Reserve 
University School of Medicine, Cleveland, O. 
Assistant Professor of Physiology. (1, 1939) 

Harris, Milton, Ph.D. National Bureau of Stand- 
ards, Washington, D. C. Director of Research, 
Yextile Foundation Research Associateship. 
(2, 1939) 

Harris, Robert S. Massachusetts Institute of 
Technology, Cambridge. Assistant Professor of 
Nutritional Biochemisiry. (5, 1941) 

Harris, William H., M.D. Tulane University 
School of Medicine, New Orleans, La. Assistant 
Professor of Pathology and Bacteriology. (4, 
1925) 

Harrison, Frank, M.S., Ph.D. University of 
Tennessee College of Medicine, Memphis. 
Assistant Professor in Anatomy. (1, 1941) 

Harrison, Ross Granville, M.D., Ph.D., Sc.D. 
Osborn Zoological Laboratory, New Haven, 
Conn. Sterling Professor of Biology, Emeritus, 
Yale University; Chairman of the National 
Research Council; Member of the National Acad- 
emy of Sciences. (1, 1906) 

Harrison, R. Wendell, M.S., Ph.D. Ricketts 
Laboratory, University of Chicago, Chicago, Ill. 
Associate Professor of Bacteriology. (6, 1934) 

Harrop, George A., M.D. The Squibb Institute 
for Medical Research, New Brunswick, N. J. 
Vice-President and Director of Research, E. R. 
Squibb and Sons. (2, 1922) 

Harrow, Benjamin, M.A., Ph.D. College of the 
City of New York, Convent Ave. and 139th St., 
New York City. Professor of Chemistry. (2, 1927) 

Hart, E. B., B.S. Agricultural College, Madison, 
Wis. Professor of Biochemistry, University of 
Wisconsin. (2, 1910; 5, 1933) 

Hart, E. Ross, M.S., Ph.D. Jefferson Medical Col- 
lege, 1025 Walnut St., Philadelphia, Pa. Assistant 
Professor of Pharmacology. (3, 1944) 


Indiana Univer- 


Professor of Physiology. 
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Hartley, Geo., Jr., M.A., Ph.D., M.D. Boston 
University School of Medicine, 80 E. Con- 
cord St., Boston, Mass. Assistant Professor of 
Pathology. (4, 1941; 6, 1941) 

Hartline, H. K., M.D. Johnson Foundation, 
University of Philadelphia, Philadelphia, Pa. 
Assistant Professor of Biophysics. (1, 1929) 

Hartman, Carl G., A.M., Ph.D. Department of 
Zoology, University of Illinois, Urbana. Pro- 
fessor of Zoology and Head of the Department; 
Member, National Academy of Sciences. (1, 
1921) 

Hartman, Frank Alexander, A.M., Ph.D. Depart- 
ment of Physielogy, Ohio State University, 
Columbus. Professor of Physiology and Chairman 
of the Department. (1, 1916) 

Hartman, F. W., M.D. Henry Ford Hospital, 
Detroit, Mich. Pathologist. (4, 1927) 

Hartmann, Alexis F., M.S., M.D. 500 S. Kings- 
highway, St. Louis, Mo. Professor of Pediatrics, 
Washington University School of Medicine. 
(2, 1932) 

Harvey, E. Newton, Ph.D. Guyot Hall, Prince- 
ton, N. J. Henry Fairfield Osborn Professor of 
Biology, Princeton University; Member, Na- 
tional Academy of Sciences. (1, 1914; 2, 1916) 

Hass, George, M.D. Major, M.C. AAF School of 
Aviation Medicine, Randolph Field, Texas. 
Chief, Department of Pathology. (4, 1939) 

Hastings, A. Baird, Ph.D., Sc.D. Harvard Medi- 
cal School, Boston, Mass. Hamilton Kuhn 
Professor of Biological Chemistry; Member, 
National Academy of Sciences. (1, 1927, 
2, 1921; 5, 1940) 

Haterius, Hans O., Ph.D. Wayne University 
College of Medicine, Detroit, Mich. Professor 
of Physiology. (1, 1936) 

Hauck, Hazel M., Ph.D. Cornell University, 
Ithaca, N. Y. Professor of Home Economics. 
(5, 1941) 

Hauge, Siegfred M., Ph.D. Purdue University 
Agricultural Experiment Station, Lafayette, 
Ind. Research Associate in Biochemistry. (5, 
1933) 

Haury, Victor G., M.D. 206 Cedar Croft Ave., 
Audubon, N. J. (3, 1939) ; 

Haven, Frances L., M.A., Ph.D. University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester, N. Y. Asso- 
ciate in Biochemistry. (2, 1941) 

Hawk, Philip B., M.S., Ph.D. 750 West 50th St., 
Miami Beach, Fla. President, Food Research 
Laboratories, Inc. (1, 1903; 2, 1906) 

Hawkins, J. E., Jr., B.A. (Oxon), Ph.D.* Harvard 
Medical School, Boston, Mass. Instructor in 
Physiology. (1, 1943) 

Hawkins, William Bruce, M.D. University o 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester, N. Y. Ass0- 
ciate Professor of Pathology. (4, 1933) 
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Hawks, Jean E. Division of Home Economics, 
Michigan State College, East Lansing. Assoc. 
Professor of Nutrition. (5, 1944) 

Hawley, Estelle E., Ph.D. Medical School, Uni- 
versity of Rochester, Rochester, N.Y. Research 
Fellow in Pediatrics. (5, 1935) 

Hayman, J. M., Jr., M.D. Lakeside Hospital, 
Cleveland, O. Professor of Clinical Medicine 
and Therapeutics, Western Reserve University. 
(1, 1928; 3, 1932) 

Haynes, Florence W., M.A., Ph.D. Harvard 
Medical School, 25 Shattuck St., Boston, Mass. 
Research Fellow in Medicine. (1, 1937) 

Haythorn, Samuel R., M.D. Allegheny General 
Hospital, 320 E. North Ave., Pittsburgh, Pa. 
Director of William H. Singer Memorial Labora- 
tory. (4, 1925) 

Haywood, Charlotte, A.M., Ph.D. Mount Hol- 
yoke College, South Hadley, Mass. Professor 
of Physiology. (1, 1939) 

Hazen, Elizabeth L., M.A., Ph.D. New York 
State Departmeat of Health Laboratories, 339 
E, 25th St., New York City. Senior Bacteriolo- 
gist. (6, 1931) 

Hazleton, Lloyd W., Ph.D. The George Washing- 
ton University, School of Pharmacy, Washington- 
D. C. Assistant Professor of Pharmacology, (3, 
1944) 

Heard, R. D. H., M.A., Ph.D. Dalhousie Uni- 
versity, Halifax, Nova Scotia. Assistant Pro- 

(2, 1938) 


fessor of Biochemistry. 
Hecht, Selig, Ph.D. Columbia University, New 
York City. Professor of Biophysics. Member, 
National Academy of Sciences. (1, 1920) 
Heft, Hattie L., Ph.D. Teachers College, Colum- 
bia University, New York City. Assistant 


Professor of Physiological Chemistry. (2, 1927) 

Hegnauer, Albert H., Ph.D. Syracuse Univer- 
sity, Syracuse, N. Y. Assistant Professor of 
Physiology. (1, 1937) 

Hegsted, David Mark, M.S., Ph.D. Schools of 
Medicine & Public Health, Harvard Univer- 
sity, 25 Shattuck St., Boston, Mass. Associate 
in Nutrition. (5, 1944) 

Heidelberger, Michael, Ph.D., M.A. 620 W. 
168th St., New York City. Associate Professor 
of Biological Chemistry, Columbia University; 
Chemist to the Medical Service, Presbyterian Hos- 
pital. (2, 1927; 6, 1935) 

Heilbrunn, Lewis Victor, Ph.D. University of 
Pennsylvania, Philadelphia. Professor of Zo- 
ology. (1, 1930) 

Heim, J. William, Ph.D. Aero-Medical Laboratory, 
Army Air Forces, Wright Field, Dayton, O. 
Senior Research Physiologist; Assistant in Phys- 
tology, Harvard School of Public Health. (1, 
1936) 

Heinbecker, Peter, M.D. Washington Univer- 
sity Medical School, St. Louis, Mo. Associate 
Professor of Surgery. (1, 1930) 
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Helff, O. M., M.S., Ph.D. New York University, 
University Heights, New York City. Associate 
Professor of Biology. (1, 1982) 

Hellbaum, Arthur A., M.A., Ph.D. University 
of Oklahoma School of Medicine, Oklahoma City. 
Assistant Professor of Physiology. (1, 1937) 

Hellebrandt, Frances Anna, M.D. Medical Col- 
lege of Virginia, Richmond. Professor of Physical 
Medicine. (1, 1933) 

Heller, Victor G., Ph.D. Oklahoma A. & M. 
College, Stillwater. Professor and Head of the 
Department of Agricultural Chemistry Research. 
(2, 1935; 5, 1935) 

Hellerman, Leslie, Ph.D. Johns Hopkins Uni- 
versity School of Medicine, 710 N. Washington 
St., Baltimore, Md. Associate in Physiological 
Chemisiry. (2, 1935) 

Helmer, Oscar Marvin, M.S., Ph.D. Lilly Labo- 
ratory for Clinical Research, The Indianapolis 
City Hospital, Indianapolis, Ind. Head of 
Department of Physiological Chemistry; Research 
Associate in the Department of Medicine, Indiana 
University School of Medicine. (2, 1935) 

Hemingway, Allan, Ph.D. 210 Millard Hall, 
University of Minnesota, Minneapolis. Assist- 
ant Professor of Physiological Chemistry; Tem- 
porarily at School of Aviation Medicine, 
Randolph Field, Texas. (1, 1933) 

Henderson, Velyien E., M.A., M.B., F.R.S.C. 
Medical Bldg., University of Toronto, Toronto, 
Ont., Canada. Professor of Pharmacology and 
Pharmacy. (1, 1905; 3, 1911) 

Hendrix, Byron M., Ph.D. School of Medicine, 
University of Texas, Galveston. Professor of 
Biochemistry. (2, 1920) 

Hendrix, James Paisley, M.A., M.D. Duke 
Hospital, Durham, N.C. Associate in Medicine 
(in charge of Therapeutics); Associate in Physi- 
ology and Pharmacology, Duke University School 
of Medicine. (3, 1942) 

Hendry, Jessie L., M.A. Division of Laboratories 
and Research, New York State Department of 
Health, New Scotland Ave., Albany. Senior 
Bacteriologist. (6, 1938) 

Henle, Werner, M.D. University of Pennsyl- 
vania, Philadelphia. Assistant Professor of 
Bacteriology in Pediatrics. (6, 1938) 

Henschel, Austin F., Ph.D.* University of Minne- 
sota, Minneapolis. Physiologist, U. S. War Dept. 
(QMC), and Instructor in Physiology, University 
of Minnesota. (1, 1944) 

Hepburn, Joseph Samuel, A.M., M.S., Ph.D., 
M.D. 235N.15thSt., Philadelphia 2, Pa. Pro- 
fessor of Chemistry and Research Associate in 
Gastro-Enterology, Hahnémann Medical College 
and Hospital. (2, 1915) 

Hepler, Opal E., Ph.D.,M.D. Northwestern Uni- 
versity Medical School, 303 E. Chicago Ave., 
Chicago, Ill. Assistant Professor of Pathology. 
(4, 1939) 








330 


Herbst, R. M., Ph.D. 39 Knollwood Road, Short 
Hills, N. J. Director of Research, E. Bilhuber, 
Inc., Orange, N. J. (2, 1938) 

Herrick, C. Judson, Ph.D. 236 Morningside 
Drive, Grand Rapids, Mich. Professor Emeri- 
tus of Neurology, University of Chicago; Member 
of the National Academy of Sciences. (1, 1907) 

Herrick, Julia F.. M.A., Ph.D. 175 Chelsea Ave., 
Long Branch, N. J. Mayo Foundation, Rochester, 
Minn. (1, 1933) 

Herrin, Raymond C., Ph.D., M.D. University of 
Wisconsin Medical School, Madison. Associate 
Professor of Physiology. (1, 1932) 

Herrington, Lovic P., M.A., Ph.D. 290 Congress 
Ave., New Haven, Conn. Associate Director, 
John B. Pierce Laboratory of Hygiene; Research 
Associate Professor, Dept. of Public Health, 
Yale Medical School. (1, 1942) 

Herriott, Roger M., Ph.D. Rockefeller Institute 
for Medical Research, Princeton, N. J. Asso- 
ciate. (2, 1940) 

Herrman, George, Ph.D., M.D. University of 
Texas, Medical Branch, Galveston. Professor of 
Medicine. (4, 1925) 

Herrmann, Julian B., M.D. Yale School of 
Medicine, New Haven, Conn. Research Assist- 
ant in Pharmacology. (3, 1941) 

Herrmann, Louis George, M.D. Cincinnati Gen- 
eral Hospital, Cincinnati, O. Associate Pro- 
fessor of Surgery, University of Cincinnati 
College of Medicine. (4, 1933) 

Hershey, A. D., Ph.D. Washington University 
School of Medicine, St. Louis, Mo. Assistant 
Professor of Bacteriology and Immunology. 
(6, 1942) 

Hertig, Arthur T., M.D. Harvard University Medi- 
cal School, 221 Longwood Ave., Boston, Mass. 
Assistant Professor of Pathology and Assistant 
Professor of Obstetrics. (4, 1941) 

Hertz, Saul, M.D. Massachusetts General Hos- 
pital, Fruit St., Boston. Research Associate, 
Harvard Medical School and Massachusetts 
Institute of Technology. (4, 1935) 

Hertzman, Alrick B., Ph.D. St. Louis University 
School of Medicine, St. Louis, Mo. Professor 
of Physiology and Director of the Department. 
(1, 1925) 

Herwick, Robert P., Ph.D., M.D., LL.B. U. 8. 
Food and Drug Administration, Washington, D. 
C. Chief, Drug Division, Associate Prof. Pharma- 
cology, Georgetown Medical School, Adjunct 
Clinical Professor Medicine (Therapeutics) 
George Washington Medical School. (3, 1938) 

Hess, Charles L., M.S., M.D. 308 Davidson 
Bldg., Bay City, Mich. (1, 1916) 

Hess, Walter C., Ph.D. Chemo-Medical Research 
Institute, Georgetown University, Washington, 
D.C. Associate Research Professor. (2, 1935) 
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Hetherington, Albert W., M.S., Ph.D.* North- 
western University Medical School, 303 E. Chi- 
cago Ave., Chicago, Ill. Instructor in Neurology. 
(1, 1943) 

Hewitt, Earl Albon, M.S., Ph.D. Iowa State 
College, Ames. Associate Professor of Veter- 
inary Physiology. (1, 1932) 

Hewitt, Julia A. W., B.A. Nassau Hospital, 
Mineola, N. Y. Senior Technician, in charge. 
(6, 1921) 

Heyroth, Francis F., M.D., Ph.D. Kettering 
Laboratory, College of Medicine, University of 
Cincinnati, Cincinnati, O. Assistant Professor 
of Applied Physiology. (2, 1935) 

Hiatt, Edwin P., M.A., Ph.D. North Carolina Uni- 
versity School of Medicine, Chapel Hill. As- 
sociate Professor of Physiology and Pharma- 
cology. (1, 1942) 

Hickman, Kenneth C. D., Ph.D. Distillation 
Products, Inc., 755 Ridge Road W., Rochester, 
N. Y. Vice-President and Director of Research. 
(2, 1944) 

Higgins, Harold Leonard, M.D. 322 Franklin, 
Newton, Mass. Assistant Professor of Pediatrics, 
Harvard University. (1, 1914; 5, 1933) 

Hill, Edgar S., M.S., Ph.D. Washington Uni- 
versity, College of Dentistry, St. Louis, Mo. 
Associate Professor of Biological Chemistry and 
Physiology. (2, 1936) 

Hill, Robert M., M.S., Ph.D. 4200 E. 9th Ave., 
Denver, Colo. Associaie Professor of Biochem- 
istry, University of Colorado Medical School. 
(2, 1933) 

Hill, Samuel E., M.A., Ph.D. Russell Sage Col- 
lege, Troy, N. Y. Professor of Biology. (1, 
1934) 

Hiller, Alma, Ph.D. Rockefeller Institute for 
Medical Research, 66th St. and York Ave., 
New York City. Associate. (2, 1929) 

Himmelsbach, C. K., M.D. Division of Physiology, 
U.S. Public Health Service, National Institute 
of Health, Washington, D. C. Passed Assistant 
Surgeon. (3, 1938) 

Himwich, Harold E., M.D. Albany Medical 
College, Albany, N. Y. Professor of Physiology 
and Pharmacology. (1, 1925; 5, 1933) 

Hines, Harry M., M.S., Ph.D. The State Uni- 
versity of Iowa, Iowa City. Professor of Physi- 
ology. (1, 1928) 

Hines, Marion, Ph.D. Johns Hopkins Medical 
School, Baltimore, Md. Associate Professor of 
Anatomy. (1, 1932) 

Hinrichs, Marie, Ph.D., M.D. Southern Illinois 
Normal University, Carbondale. Associate Pro- 
fessor of Physiology; Head of Student Health 
Service. (1, 1928) 

Hinsey, Joseph C., M.S., Ph.D. Cornell Univer- 
sity Medical College, 1800 York Ave., New York 
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City. Professor of Anatomy and Dean of the 
Medical College. (1, 1929) 

lisaw, Frederick L., A.M., Ph.D. The Biological 
Laboratories, Harvard University, Cambridge 
Mass. Professor of Zoology. (1, 1932) 
jitchcock, David 1., Ph.D. 333 Cedar St., New 
Haven, Conn. Associate Professor of Physiol- 
ogy, Yale University. (2, 1930) 
litchcock, Fred A., M.Sc., Ph.D. Ohio State 
University, Columbus. Associate Professor of 
Physiology. (1, 1927; 5, 1933) 
litchings, George H., M.S., Ph.D. 17 Priscilla 
Ave., Tuckahoe, N. Y. Biochemist, Burroughs, 
Wellcome & Co. (2, 1942) 

Hjort, Axel M., M.D., Ph.D. P. O. Box 281, 14 Fern 
Way, Scarsdale, N. Y. Adjunct Physician, Grass- 
lands Hospital, Valhalla, N.Y. (2, 1925) 

foagland, Charles L., M.D. Rockefeller Insti- 
tute, 66th St. and York Ave., New York City. 
Associate Member. (6, 1940) | 

Hoagland, Hudson, M.S., Ph.D. Worcester State 
Hospital, Worcester, Mass. (1, 1932) 


liber, Rudolf. University of Pennsylvania Medi- 
Visiting Professor of 


cal School, Philadelphia. 
Physiology. (1, 1936) 
lodes, Robert, Ph.D. Johnson Foundation, Uni- 
versity of Pennsylvania, Philadelphia. Johnson 
Foundation Fellow in Medical Physics. (1, 
1941) 

lodge, Harold C., Ph.D. University of Rochester 
School of Medicine and Dentistry, Rochester, 
N. Y. Associate Professor of Biochemisiry 
and Pharmacology. (2, 1937) 

loff, Ebbe Curtis, M.A., Ph.D. Department of 
Physiology, Yale University School of Medicine, 
333 Cedar St., New Haven, Conn. (1, 1933) 

lof, Hebbel E., M.A., Ph.D. McGill University, 
Montreal, Quebec, Canada. Professor of Phys- 
iology. (1, 1933) 

loffman, Olive, M.S., Ph.D. Presbyterian Hos- 
pital, 51 N. 39th St., Philadelphia, Pa. (1, 1935) 
loffman, William Samuel, Ph.D., M.D. 629 8. 
Wood St., Chicago, Ill. Acteng Director of Labora- 
tories and Acting Director of the Hektoen Insti- 


tute for Medical Research, Cook County Hospital. 


(2, 1935) 

logan, Albert G., A.M., Ph.D. 105 Schweitzer 
Hall, Columbia, Mo. Professor of Animal 
Nutrition, University of Missouri. (2, 1916; 
5, 1933) 

logness, Thorfin R., Ch.E., Ph.D. Department of 
Chemistry, University of Chicago, Chicago, III. 
Professor of Chemistry. (2, 1941) 

lolck, Harald G. O., Ph.D. College of Pharmacy, 
University of Nebraska, Lincoln. Associate Pro- 
fessor of Pharmacology. (1, 1935; 3, 1938) 
illander, Franklin, Ph.D. Mount Sinai Hos- 
pital, Fifth Ave. and 100th St., New York City. 
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Associate in Physiology; Head, Gastro-Enter- 
ology Research Laboratory. (1, 1942; 2, 1932) 
Holman, Russell Lowell, M.D. University of 
North Carolina School of Medicine, Chapel 

Hill. Professor of Pathology. (4, 1940) 

Holmes, Arthur Dunham, Ph.D. Massachusetts 
State College, Amherst. Research Professor of 
Chemistry. (2, 1931; 5, 1933) 

Holmes, Julia O., M.S., Ph.D. Massachusetts 
State College, Amherst. Research Professor of 
Nutrition. (2, 1942; 5, 1936) 

Holt, Joseph Paynter, M.S., M.D., Ph.D. Uni- 
versity of Louisville School of Medicine, 101 
W. Chestnut St., Louisville, Ky. Associate 
Professor of Physiology. (1, 1942) 

Holt, L. Emmett, Jr., M.D. 477 First Ave., New 
York 16, N. Y. (2, 1930) 

Hoobler, Icie Macy, Ph.D. 660 Frederick St., 
Detroit, Mich. Director of Research, Children’s 
Fund of Michigan; Associate in Nutrition, 
Medical Staff of the Children’s Hospital of 
Michigan. (2, 1925; 5, 1933) 

Hooker, Davenport, M.A., Ph.D. University of 
Pittsburgh School of Medicine, Pittsburgh, Pa. 
Professor of Anatomy. (1, 1920) 

Hooker, Donald R., M.S.,M.D. 19 W. Chase St., 
Baltimore, Md. Lecturer in Physiological Hy- 
giene, School of Hygiene and Public Health, 
Johns Hopkins University; Managing Editor of 
American Journal of Physiology, Physiological 
Reviews and Federation Proceedings. (1, 1906; 
3, 1911) 

Hooker, Sanford B., A.M., M.D. 80 E. Concord 
St., Boston, Mass. Member, Evans Memorial. 
(6, 1918) 

Hoppert, C. A., Ph.D. Michigan State College, 
Box 626, East Lansing. Professor of Biological 
Chemistry. (5, 1935) 

Horsfall, Frank L., Jr.. M.D., C.M. Rockefeller 
Institute, 66th St. and York Ave., New York 
City. Member. (6, 1937) 

Horvath, Steven M., M.A., Ph.D.* Armored 
Forces Medical Research Laboratory, Ft. Knox, 
Ky. Captain, San. Corps. (1, 1943) 

Horwitt, M. K., Ph.D. Biochemical Research 
Laboratory, Elgin State Hospital, Elgin, Ill. 
Director, Biochemical Research Laboratory; 
Assistant - Professor, Physiological Chemistry, 
University of Illinois School of Medicine. (2, 
1941) 

Hoskins, R. G., Ph.D., M.D. Harvard Medical 
School, Boston, Mass. Research Associate in 
Physiology, Harvard University; Director of 
Research, Memorial Foundation for Neuro- 
endocrine Research. (1, 1911) 

Hotchkiss, Rollin D., Ph.D. The Rockefeller 
Institute for Medical Research, 66th St. and 
York Ave., New York City. Lieut. Commander, 
Hospital Corps, USNR. (2, 1941) 
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Howard, Evelyn, A.M., Ph.D. Johns Hopkins 
School of Medicine, Baltimore, Md. Instructor 
in Physiology. (1, 1933) 

Howard, Marion E., M.D. New Haven Hospital, 
New Haven, Conn. Assistant Professor of 
Medicine, Yale School of Medicine; Associate 
Physician, New Haven Hospital and New Haven 
Dispensary. (4, 1939; 6, 1937) 

Howe, Paul E., A.M.,; Ph.D. 2823 29th St. N.W., 
Washington, D. C. Colonel, Sanitary Corps; 
Chief, Nutrition Branch, Office of the Surgeon 
General, U.S. Army. On leave as Chief, Animal 
Nutrition Division, and Assistant Chief, Bureau 
of Animal Industry, U. S. Department of Agri- 
culture. (1, 1913; 2, 1909; 5, 1933) 

Howe, Percy R., M.D.,D.D.S. Harvard Medical 
School, Boston, Mass. Director Forsyth Dental 
Infirmary; Professor Dental Sciences; Instructor 
in Pathology. (5, 1935) 

Howell, Katherine M., M.D. Michael Reese 
Hospital, 2900 Ellis Ave., Chicago, Ill. Head 
of Departments of Bacteriology and Serology. 
(6, 1940) 

Howell, Stacey F.,Ph.D. V.D. Research Labora- 
tory, U. 8. Marine Hospital, Stapleton, Staten 
Island, N. Y. Chemist, U. S. Public Health Serv- 
ice. (2, 1940) 

Howell, William H., Ph.D., M.D., Sc.D., LL.D. 
112 St. Dunstan’s Road, Baltimore, Md. Pro- 


fessor Emeritus of Physiology, Johns Hopkins 


University; Member, National Academy of 
Sciences. (1, 1887; 2, 1912) 

Hubbard, Roger Sanford, A.M., Ph.D. 100 High 
St., Buffalo, N. Y. Biochemist, Buffalo General 
Hospital; Professor of Applied Physiology, 
Buffalo University Medical School. (1, 1922; 
2, 1920) 

Hubbell, Rebecca B., M.S., Ph.D. Connecticut 
Agricultural Experiment Station, New Haven. 
Assisiant Biochemist. (2, 1937; 5, 1935) 

Hudack, Stephen Sylvester, M.D. U.S. Naval 
Hospital, Brooklyn, N.Y. Lt. Com. (4, 1933) 

Huddleston, Ora Leonard, M.D., Ph.D. Fitzsim- 
mons General Hospital, Denver, Colo. Major, 
MC; Instructor in Physiology, University of 
Colorado School of Medicine. (1, 1936) 

Hueper, Wilhelm C., M.D. Warner Institute for 
Therapeutic Research, 113 W. 18th St., New 
York City. Assistant Director and Principal 
Pathologist. (4, 1940) 

Huffman, C. F., M.S., Ph.D. Michigan State 
College, East Lansing. Research Professor and 
Associate Professor in Dairy Husbandry. (5, 
1937) 

Huggins, Charles Brenton, M.D. University of 
Chicago, Chicago, Ill. Professor of Surgery. 
(1, 1932) 

Hughes, Joseph, M.D. 111 N. 49th St., Phila- 
delphia, Pa. Assistant Professor of Experimen- 
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tal Neurology, Graduate School of Medicine, 
University of Pennsylvania; Director of Labora- 
tory, Pennsylvania Hospital for Mental Diseases, 
(1, 1936) - 

Hughes, Josiah Simpson, M.A., M.S., Ph.D, 
Kansas State College, Manhattan. Professor o 
Chemistry. (2, 1981; 5, 1939) 

Hughes, Thomas P., A.M., Ph.D. Rockefeller 
Foundation, 49 W. 49th St., New York City, 
Member of Staff, International Health Division. 
(6, 1934) 

Hulpieu, Harold R., M.A., Ph.D. Indiana Uni- 
versity School of Medicine, Indianapolis. Asso- 
ciate Professor of Pharmacology. (3, 1939) 

Hunscher, Helen A., Ph.D. Western Reserve 
University, 2023 Adelbert Rd., Cleveland, 0. 
Head of Department of Home Economics. (5, 
1934) 

Hunt, Reid, M.D.,Ph.D.,Se.D. Harvard Medical 
School, Boston, Mass. Professor Emeritus 0 
Pharmacology, Harvard University; Member, 
National Academy of Sciences. (1, 1895; 2, 
1906; 3, 1908) 

Hunter, Andrew, M.A., M.B., F.R.S.C. Univer- 
sity of Toronto, Toronto, Canada. Professor o 
Pathological Chemistry. (2, 1908) 

Hunter, George, M.A., D.Sc., F.R.S.C. Univer 
sity of Alberta, Edmonton, Canada. Professo 
of Biochemistry. (2, 1924) 

Hunter, Jesse E., M.S., Ph.D. Allied Mills 
Inc., 7500 S. Adams St., Peoria, Ill. Directo 
Biological Research. (5, 1936) 

Hussey, Raymond, M.D. Homewood Apart 
ments, Baltimore, Md. (4, 1927) 

Ingalls, Mabel S., Ph.D. 1218 Bank St., N. W., 
Washington 7,D.C. (6, 1940) 

Ingle, Dwight J., M.S., Ph.D. The Upjohn Co., 
Research Department, Kalamazoo, Mich. Up 
john Research Fellow. (1, 1939) 

Ingraham, Raymond Clifford, Ph.D. College 0 
Medicine, University of Illinois, 1853 W. Poll 
St., Chicago. Assistant Professor in Physiology. 
(1, 1938) 

Ingram, W. R., Ph.D. College of Medicine, The 
State University of Iowa, Iowa City. Professo 
and Head of the Department of Anatomy. (I, 
1936) 

Irvin, J. Logan, Ph.D. Johns Hopkins University 
School of Medicine, 710 N. Washington St. 
Baltimore, Md. Associate in Physiological Chem 
istry. (2, 1942) 

Irving, Laurence, A.M., Ph.D. Swarthmore Col 
lege, Swarthmore, Pa. Professor of Experi 
mental Biology. (1, 1927) 

Irwin, Marian, Ph.D. The Rockefeller Institut? 
for Medical Research, New York City. Ass0 
ciate in the Division of General Physiology 

(1, 1927) 
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Irwin, M. R., Ph.D. Department of Genetics, 
University of Wisconsin, Madison. Professor of 
Genetics. (6, 1936) 

Isaacs, Raphael, M.D. 104 S. Michigan Ave., 
Suite 630, Chicago3, Ill. Director, Department of 
Hematology, Michael Reese Hospital. (4, 1928) 

Isenberger, R.-M., M.A., M.D. University of 
Kansas School of Medicine, Kansas City. Pro- 
fessor of Pharmacology. (3, 1937) 


ion ivy, Andrew C., Ph.D., M.D. 303 E. Chicago 


Ave., Chicago, Ill. Nathan Smith Davis Pro- 
fessor of Physiology and Professor of Pharma- 
cology, Northwestern University Medical School. 
(1, 1919; 5, 1933) 

Izquierdo, J. Joaquin, M.D. National School of 
Medicine, Mexico City. Professor of Physiology 
in the National School of Medicine and the Es- 
cuela Medico Militar of Mexico. (1, 1928) 

Jackson, Dennis Emerson, A.M., Ph.D., M.D. 
University of Cincinnati Medical School, Eden 
and Bethesda Aves., Cincinnati, O. Professor 
of Pharmacology. (1, 1910; 3, 1912) 

Jackson, Eugene L., Ph.D. Emory University, 
Ga. Associate Professor of Pharmacology, Chair- 
man, Department of Pharmacology. (3, 1942) 

Jackson, Richard W., Ph.D. Eastern Regional 
Research Laboratory, U. S. Department of 
Agriculture, Wyndmoor, Pa. Chief of Protein 
Division. (2, 1930; 5, 1933) 

Jacobs, Merkel Henry, Ph.D. University of 
Pennsylvania, Philadelphia. Professor of Gen- 
eral Physiology; Member of the National Academy 
of Sciences. (1, 1919) 

Jacobs, Walter A., A.M., Ph.D. Rockefeller 
Institute, 66th St. and York Ave., New York 
City. Member; Member, National Academy of 
Sciences. (2, 1908; 3, 1913) 

Jacobson, Edmund, Ph.D., M.D. Laboratory for 
Clinical Physiology, 310 8S. Michigan Ave., 
Chicago, Ill. (1, 1929) 

laffe, Henry L., M.D. Hospital for Joint Dis- 
eases, 1919 Madison Ave., New York City. 
Director of Laboratories. (4, 1925) 

Jahn, Theodore Louis, Ph.D.* State University of 
lowa, Iowa City. Associate Professor of Zoology. 
(1, 1944) 

Jamieson, Walter A., Sc.D.(hon.). Eli Lilly & 
Company, Indianapolis, Ind. Director, Bio- 
logical Division. (6, 1927) 

Jaques, L. B., M.A., Ph.D.* University of To- 
ronto, Toronto 5, Canada. Assistant Professor, 
Dept. of Physiology. (1, 1943) 

Jasper, Herbert H., M.A., Ph.D., D. és Sci. 
Montreal Neurological Institute, 3801 University 
St., Montreal, Que., Canada. Lecturer in Neu- 
roelectrography and Director of Department of 
Electrophysiology. (1, 1940) 

leans, P. C., M.D. State University of Iowa, 
lowa City. Professor of Pediatrics. (5, 1987) 
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Jensen, H., Ph.D. Des Bergers-Bismol Labs. 338 
St. Paul St., W. Montreal, Que., Canada. Direc- 
tor of Research. (2, 1929) 

Jobling, James W., M.D. Columbia University, 
630 W. 168th St., New York City. Professor of 
Pathology. (4, 1913) 

Jochim, Kenneth E., Ph.D. Michael Reese 
Hospital, 29th and Ellis Ave., Chicago, Ill. 
Research Associate, Cardiovascular Dept. (1, 
1942) 

Johlin, J. M., Ph.D., D.Sc. Vanderbilt Univer- 
sity School of Medicine, Nashville, Tenn. 
Associate Professor of Biochemistry. (2, 1928) 

Johnson, Charles C., M.D. 208 South 8th East, 
Apt. 9, Salt Lake City, Utah. (3, 1929) 

Johnson, Frank H., A.M., Ph.D. Princeton 
University, Princeton, N. J. Assistani Pro- 
fessor, Dept. of Biology. (1, 1942) 

Johnson, Joseph L., Ph.D., M.D. School of 
Medicine, Howard University, Washington, 
D.C. Professor gnd Head of the Department of 
Physiology. (1, 1934) 

Johnson, J. Raymond, Ph.D. Long Island College 
of Medicine, 350 Henry St., Brooklyn, N. Y. 
Assistant Professor of Physiology and Phar- 
macology. (1, 1938) 

Johnson, Marvin J., M.S., Ph.D. University of 
Wisconsin, Madison. Associate Professor of 
Biochemistry. (2, 1941) 


Johnson, Robert E., M.D., D. Phil.* Harvard Fa- 


tigue Laboratory, Morgan Hall, Soldiers Field, 
Boston, Mass. Assistant Professor, Industrial 
Physiology. (1, 1944; 2, 1939) 

Johnson, Treat B., Ph.D. Amity Road, Bethany, 
Westville P. O., Conn. Sterling Professor of 
Chemisiry, Yale University; Member, National 
Academy of Sciences. (2, 1910) 

Johnson, Victor, Ph.D., M.D. 5807 Dorchester 
Ave., Chicago, Ill. Associate Professor of 
Physiology; Dean of Students in the Division of 
Biology and the School of Medicine, University 
of Chicago. (1, 1933) 

Johnston, Charles G., M.S., M.D. Wayne Uni- 
versity College of Medicine, Detroit, Mich. 
Professor of Surgery. (1, 1933) 

Johnston, Margaret W., Ph.D. Box 276, Ann Ar- 
bor, Mich. Research Associate in Internal Medi- 
cine. (2, 1930; 5, 1938) 

Jolliffe, Norman, M.D. 39 E. 75th St., New York, 
N. Y. (1, 1982) 

Jones, D. Breese, Ph.D. Bureau of Human Nutri- 
tion and Home Economics, Agricultural Research 
Administration, U. 8. Department of Agricul- 
ture, Washington, D. C. Protein Chemist. (2, 
1920; 5, 1935) 

Jones, James H., M.S., Ph.D. School of Medi- 
cine, University of Pennsylvania, Philadelphia. 
Associate Professor of Physiological Chemistry. 
(2, 1928; 5, 1933) 
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Jones, Kenneth K., M.S., Ph.D. Northwestern 
University Medical School, 303 E. Chieago Ave., 
Chicago, Ill. Associate Professor of Physiology 
and Pharmacology. (1, 1936) 

Jones, Lloyd R., M.S., Ph.D. 1402 8. Grand 
Blvd., St. Louis, Mo. Associate Professor and 

- Chairman of Department of Bacteriology, St. 

' Louis University School of Medicine. (6, 1933) 

Joslin, Elliott P., M.A., M.D. New England 
Deaconess Hospital, 81 Bay State Rd., Boston, 
Mass. Director, George F. Baker Clinic. (5, 
1933) 

Jukes, Thomas Hughes, Ph.D. Lederle Labora- 
tories, Pearl River, N. Y. Associate Director, 
Pharmaceutical Division. (2, 1935; 5, 1938) 

Jung, Frederic Theodore, Ph.D., M.D. North- 
western University Medical School, Chicago, Ill. 
Assistant Professor of Physiology and Phar- 

- macology. (1, 1930) 

Jungeblut, Claus W.,M.D. College of Physicians 
and Surgeons, 630 W. 168th St., New York City. 
Professor of Bacteriology, Columbia University. 
(4, 1929; 6, 1926) 

Kabat, Elvin A., A.M., Ph.D. The Neurological 
Institute, 710 W. 168th St., New York City. 
Research Chemist. (2, 1940; 6, 1943) 

Kabat, Herman, Ph.D., M.D. National Institute 
of Health, Bethesda, Md. Pharmacologist. (1, 
1941) 

Kahn, Reuben L., Sc.D., LL.D. University of 
Michigan Hospital, Ann Arbor. Director of Clini- 
cal Laboratories. (4, 1934; 6, 1919) 

Kalckar, Herman M., M.D., Ph.D. Department of 
Nutrition and Physiology, Public Health Re- 
search Institute of the City of New York, Foot 
of East 15th St., New York City. Research Asso- 
ciate. (2, 1942) 

Kamm, Oliver, M.S., Ph.D. Research Labora- 
tory, Parke, Davis& Co., Detroit, Mich. Scien- 
tific Director. (2, 1928) 

Karpovich, Peter V., M.D., M.P.E. School of 
Aviation Medicine, Randolph Field, Texas. 
Senior Physiologist, Research Section. (1, 1942) 

Karr, Walter G., Ph.D. Smith, Kline & French 
Laboratories, Delaware Ave. & Poplar St., 
Philadelphia 23, Pa. Director of the Research 
Laboratories; Assistant Professor of Physiolog- 
ical Chemistry, University of Pennsylvania; Con- 
sulting Biochemist to the Medical Clinic of the 
University Hospital, Bryn Mawr Hospital, 
Abington Memorial Hospital. (2, 1925) 

Karshan, Maxwell, Ph.D. Department of Bio- 
logical Chemistry, Columbia University, 630 W. 
168th St., New York City. Associate Professor 
of Biochemistry. (2, 1939) 

Karsner, Howard T., M.D. Western Reserve 
University, 2085 Adelbert Rd., Cleveland, O. 
Professor of Pathology; Director of the Institute 
of Pathology. (4, 1913; 6, 1925) 
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Katz, Gerhard, M.D. Tulane School of Medicine, 
New Orleans, La. Assistant Professor of Phar. 
macology. (3, 1937) 

Katz, Louis Nelson, A.M., M.D. 2900 Ellis Ave., 
Chicago, Ill. Director of Cardiovascular Re- 
search, Michael .Reese Hospital; Professorial 
Lecturer in Physiology, University of Chicago. 
(1, 1924) 

Katzman, Philip A., Ph.D. St. Louis University 
School of Medicine, 1402 8. Grand Blvd., &t. 
Louis 4, Mo. Assistant Professor of Biochemis-™& 
try. (2, 1935) 

Kaulbersz, Jerzy, Ph.D., M.D.* Wayne Uni-& 
versity College of Medicine, 1512 St. Antoine 
St., Detroit, Mich. Research Associate in Surgery 
and Research Physiology. (1, 1944) 

Kay, H. D., Ph.D., D.Sc. National Institute 
for Research in Dairying, Shinfield, near Read 
ing, England. Director, Research Professor 0 
Biochemistry, University of Reading. (2, 1930) 

Keeton, Robert W., M.S., M.D. University o 
Illinois College of Medicine, 1853 W. Polk St. 
Chicago. Professor of Medicine. (1, 1916 
3, 1924) 

Kehoe, Robert A., M.D. Kettering Laboratory 
of Applied Physiology, College of Medicine 
University of Cincinnati, Eden Ave., Cincinnati 
O. Research Professor of Physiology. (1, 1940 

Keith, Norman M., M.D. Mayo Clinic, Roches 
ter, Minn. Consulting Physician, Division o 
Medicine, Mayo Clinic; Professor of Medicine 
Mayo Foundation, University of Minnesota 
(1, 1920; 3, 1932; 4, 1924) 

Keith, T. B., Ph.D. Pennsylvania State College 
State College. Assistant Professor of Animal 
Husbandry. (5, 1941) 

Keller, Allen D., Ph.D. Baylor Collegeof Medicineg 
Houston, Texas. Professor of Physiology; Chair 
man of Department of Physiology and Pharma 
cology. (1, 1931) 

Kelser, Raymond A., Ph.D. 17 Oxford St., Chevy 
Chase, 15, Md. Brig. General, U. S. Army. (4 
1932) 

Kelsey, F. Ellis, Ph.D. University of Chicago 
Chicago, Ill. Research Associate (Instructor) 
Pharmacology. (3, 1941) 

Kelsey, Frances Kathleen O., M.S., Ph.D. Uni 
versity of Chicago, Chicago, Ill. Research Assisi 
ant in Pharmacology. (3, 1941) 

Kempner, Walter, M.D. Duke University Schoo 
of Medicine, Durham, N. C. Assistant Pro 
fessor of Medicine. (1, 1940) 

Kendall, Edward C., M.S., Ph.D., D.Sc. 6 
Eighth Ave.,S.W., Rochester, Minn. Profess0 
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Lim, Robert Kho-Seng, Ph.D., D.Sc., F.R.S.E. 
Board of Health, Chinese National Government, 
Chunking, China. (1, 1923) 

Lindsley, Donald B.,M.A., Ph.D. Bradley Home, 
East Providence, R.I. Director of Psychological 
and Neurophysiological Laboratory; Assistant 
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Professor of Psychology, Brown University. 
Director, N.D.R.C. project, Camp Murphy, Fla. 
(1, 1937) 

Linegar, Charles R., Ph.D. E. R. Squibb and Sons, 
Biological Laboratory, New Brunswick, N. J. 
Chief, Biological Development and Control Lab- 
oratory. (3, 1938) 

Lineweaver, Hans, M.A., Ph.D. Western Re- 
gional Research Laboratory, U.S. Department of 
Agriculture, Albany 6, Calif. Senior Biochemist. 
(2, 1941) 

Link, Karl Paul, Ph.D. Biochemistry Building, 
University of Wisconsin, Madison. Professor 
of Biochemistry. (2, 1931) 

Lintz, William, M.D. 36 Plaza St., Brooklyn, 
N. Y. Late Professor of Immunology and 
Bacteriology and Clinical Professor of Medicine, 
Long Island College of Medicine. (6, 1920) 

Lipman, Mrs. Miriam O., A.M. Presbyterian 
Hospital, 620 W. 168th St., New York City. 
Research Assistant, Edward Daniels Faulkner 
Arthritis Clinic. (6, 1931) 

Lipmann, Fritz, M.D., Ph.D. Biochemical Re- 
search Laboratory, Massachusetts General Hos- 
pital, Boston. Research Chemist; Head, Biochem- 
tcal Research Laboratory; Research Fellow in Bio- 
chemistry and Surgery, Harvard Medical School. 
(2, 1941) 

Litchfield, John T., Jr., M.D. University of Min- 
nesota Medical School, Minneapolis, 14. Assist- 
ant Professor of Pharmacology. (3, 1940) 

Little, James Maxwell, M.S., Ph.D. Bowman 
Gray School of Medicine of Wake Forest College, 
Winston-Salem, N. C. Assistant Professor of 
Physiology and Pharmacology. (1, 1942) 

Livingston, Alfred E., Ph.D. Temple University 
School of Medicine, Philadelphia, Pa. Professor 
of Pharmacology. (1, 1917; 3, 1920) 

Lloyd, David P.C., D.Ph. Laboratory of Physiol- 
ogy, Yale University School of Medicine, 333 
Cedar St., New Haven, Conn. Assistant Pro- 
fessor of Physiology. (1, 1939) 

Locke, Arthur P., Ph.D. Zonite Products Corpora- 
tion, New Brunswick, N.J. Chief Research Chem- 
ist. (6, 1926) 

Lodholz, Edward, M.D. Medical Laboratories, 
University of Pennsylvania, Philadelphia. 
Isaac Ott Professor of Physiology, Graduate 
School of Medicine. (1, 1913) 

Loeb, Leo, M.D. Washington University Medical 
School, St. Louis, Mo. Professor Emeritus of 
Pathology; Member, National Academy of Sci- 
ences. (1, 1907; 4, 1913) 

Loebel, Robert O., M.D. Russell Sage Institute 
of Pathology, Cornell Medical College, 1300 York 
Ave., New York City. Research Fellow; Ad- 
junct Assistant Visiting Physician, Second 
(Cornell) Medical Division of Bellevue Hospital. 
(1, 1928) 
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Loew, Earl R., M.8S., Ph.D. 7415 Woodrow Wilson, 
Detroit, Mich. Research Pharmacologist, Parke, 
Davis & Co.; Lecturer in Physiology, Wayne Uni- 
versity College of Medicine. (1, 1940) 

Loewe, W.S., M.D. 17 Cole Terrace, New Rochelle, 
N. Y. Hon. Prof. Pharmacology, Heidelberg; 
Dept of Pharmacology, Cornell University Medi- 
cal College. (3, 1936) 

Logan, Milan A., Ph.D. University of Cincinnati 
School of Medicine, Cincinnati, O. Professor of 
Biological Chemistry. (2, 1936) 

Long, C. N. H., M.Sc., D.Sc., M.D. Yale Uni- 
versity, New Haven, Conn. Sterling Professor 
of Physiological Chemistry. (1, 1935; 2, 1927) 

Long, Esmond R., M.D. 7th and Lombard Sts., 
Philadelphia, Pa. Director, Henry Phipps 
Institute; Professor of Pathology, University of 
Pennsylvania. (4, 1930) 

Long, Perrin Hamilton, M.D. The Johns Hopkins 
University, 615 N. Wolfe St., Baltimore, Md. 
Professor of Preventive Medicine; Colonel, M.C. 
(3, 1940) 

Longcope, Warfield T., M.D. Johns Hopkins 
Hospital, Baltimore, Md. Professor of Medi- 
cine, Johns Hopkins University. (3, 1921; 4, 
1913; 6, 1923) 

Longenecker, MS., 


Herbert Eugene, Ph.D. 


Department of Chemistry, University of Pitts- 
burgh, Pittsburgh, Pa. Dean of Research in the 


Natural Sciences and Professor of Biochemistry. 
(2, 1940) 

Looney, Joseph Michael, M.D. 383 M. C. Det., 
Camp Ellis, Ill. Chief of Special Service, Major, 
U.S. Army. (2, 1922) 

Loosli, Clayton Garr, M.D. The University of 
Chicago, Department of Medicine, Chicago, Ill. 
Assistant Professor. (4, 1940) 

Loosli, J. K., M.S., Ph.D. Animal Nutrition Labo- 
ratory, Cornell University, Ithaca, N. Y. Assoc. 
Prof.of Animal Nutr.and Assoc. Animal Nutri- 
tionist in Exp. Sta. (5, 1944) 

Lorber, Victor, M.D., Ph.D* 1901 East River 
Terrace, Minneapolis, Minn. Instructor in 
Physiology, University of Minnesota Medical 
School. (1, 1944) 

Lorente de N6, Rafael, M.D. The Rockefeller 
Institute for Medical Research, 66th St. and 
York Ave., New York City. Member. (1, 1937) 

Lorenz, Egon, Ph.D. National Cancer Institute, 
Bethesda, Md. Senior Biophysicist. (4, 1942) 

Loring, H. S., M.S., Ph.D. Stanford University, 
Calif. Associate Professor of Biochemistry. 
(2, 1938) 

Lothrop, Alfred P., M.A., Ph.D. 279 Elm S&t., 
Oberlin, O. Professor of Organic Chemistry, 
Oberlin College. (2, 1912) 

Loveless, Mary H., M.D. New York Hospital, 
525 E. 68th St., New York City. Research 
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Associate, Cornell Medical School; Physician to 
Out-Patienis, New York Hospital. (6, 1941) 
Lowell, Francis C., M.D. Nine Acre Corner, 
Concord, Mass. Instructor in Medicine, Boston 

City Hospital. (6, 1942) 

Lowry, Oliver H.,M.D., Ph.D. Research Labora- 
tory, Public Health Research Institute of the 
City of New York, Foot of E. 15th St. Re. 
search Associate. (2, 1942) 

Lubinski, Herbert, M.D. Jewish General Hos- 
pital, 3755 St. Catherine Rd., Montreal, Canada. 
Bacteriologist. (6, 1941) 

Lucas, George H. W., M.A., Ph.D. University of 
Toronto, Toronto, Canada. Associate Professor 
of Pharmacology. (2, 1925; 3, 1928) 

Luck, James Murray, Ph.D. Stanford Univer- 
sity, Stanford, Calif. Professor of Biochemistry. 
(2, 1925) 

Lucké, Balduin, M.D. 141 Montgomery Ave., 
Bala-Cynwyd, Pa. Professor of Pathology, 
University of Pennsylvania Medical School. 
(4, 1924) 

Luckhardt, Arno Benedict, M.S., Ph.D., M.D. 
University of Chicago, Chicago, Ill. Professor 
of Physiology. (1, 1911) 

Ludewig, Stephan, Ph.D. University of Virginia 
School of Medicine, University. Assistant 
Professor of Biechemistry. (2, 1941) 

Luduena, Froilan P., Ph.D., M.D. Department of 
Pharmacology, Stanford University Medical 
School, San Francisco, Calif. Assistant Professor 
of Pharmacology. (3, 1941) 

Lukens, Francis D. W., M.D. University of 
Pennsylvania, 809 Maloney Clinic, 36th and 
Spruce Sts., Philadelphia. Assistant Professor 
of Medicine and Director, George S. Cox Medical 
Research Institute. (1, 1938) 

Lund, E. J., Ph.D. Department of Zoology and 
Physiology, University of Texas, Austin. Pro- 
fessor of General Physiology. (1, 1930) 

Lundgren, Harold P., Ph.D. Western Regional 
Research Laboratory, U.S.D.A., Albany 6, Calif. 
Chemist. (2, 1942) 

Lundy, John Silas, M.D. The Mayo Foundation, 
Rochester, Minn. Chief of Section on Anes- 
thesia. (3, 1935) 

Lurie, Max B., M.D. Henry Phipps Institute, 
7th and Lombard Sts., Philadelphia, Pa. As- 
sistant Professor of Experimental Pathology. 
(4, 1934; 6, 1930) 

Lutz, Brenton R., Ph.D. Boston University, 68 
Boylston St., Boston, Mass. Professor of 
Biology. (1, 1925) 

Luyet, Basile J., Sc.D. (Biol.), Sc.D. (Physics). 
St. Louis University School of Medicine, St. 
Louis, Mo. Professor of Biology. (1, 1936) 

Lyall, Harold W., A.M., Ph.D. Division of Labo- 
ratories and Research, New York State Depart- 
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ment of Health, Albany. Assistant Director in 
charge of Antitoxin, Serum, and Vaccine Labo- 
ratories. (6, 1937) 

Lyman, Carl M., Ph.D. Division of Swine Hus- 
bandry, Agricultural Experiment Station, Col- 
lege Station, Texas. Nutritionist. (2, 1940) 

Lyman, John F., Ph.D. Townshend Hall, Ohio 
State University, Columbus. Professor of Agri- 
cultural Chemistry. (2, 1920; 5, 1983) 

Macallum, A. Bruce, M.D., Ph.D. Medical 
School, University of Western Ontario, London, 
Ont., Canada. Professor of Biochemistry. (2, 
1914) 

MacArthur, Edith H., A.M., Ph.D. Skidmore 
College, Saratoga Springs, N. Y. Professor and 
Director of Home Economics. (5, 1933) 

MacCorquodale, D. W., M.S., Ph.D. Abbott 
Laboratories, North Chicago, Ill. Head, Bio- 
chemical Research. (2, 1934) 

MacFadyen, Douglas A., M.A., M.D. Box 7, Room 
103, Army Medical School, Army Medical Cen- 
ter, Washington, D. C. Captain, U. S. Army. 
(2, 1942) 

MacKay, Eaton M.,M.D. The Scripps Metabolic 
Clinic, La Jolla, Calif. (1, 1930) 

Mackenzie, Cosmo G., D.Sc. The Johns Hopkins 
University, Baltimore, Md. Associate in Bio- 
chemistry, School of Hygiene and Public Health. 
(5, 1942) 


Mackenzie, George M., M.D. Mary Imogene 
Bassett Hospital, Cooperstown, N. Y. Physi- 
cian-in-Chief; Director, Otsego County Labora- 


tories. (6, 1921) 

MacLeod, Colin M., M.D. New York University 
College of Medicine, 477 First Ave., New York 
City. Professor of Bacteriology. (6, 1937) 

MacLeod, Florence L., M.A., Ph.D. University 
of Tennessee, Knoxville. Professor of Nutri- 
tion. (2, 1927; 5, 1933) 

MacLeod, Grace, M.A., Ph.D. 106 Morningside 
Drive, New York City. Professor Emeritus of 
Nutrition, Teachers College, Columbia Uni- 
versity. (2, 1924; 5, 1933) 

MacLeod, John, M.S., Ph.D. Cornell University 
Medical College, 1300 York Ave., New York City. 
Research Associate of Anatomy. (1, 1942) 

MacNabb, Andrew L., V.S., B.V.Sc., F.A.P.H.A. 
Department of Health of Ontario, Toronto, 
Canada. Director of Laboratories. (6, 1941) 

MacNeal, Ward J., M.D. New York Post- 
Graduate Medical School and Hospital, 303 E. 
20th St., New York City. Professor of Bacteri- 
ology. (4, 1925) 

MacNider, William deB., M.D., Sc.D., LL.D. 
University of North Carolina, Chapel Hill. 
Kenan Research Professor of Pharmacology; 
Member, National Academy of Sciences. (1, 
1912; 2, 1912; 3, 1909; 4, prior to 1920) 
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Macht, David Israel, M.D., Phar. D. (hon.), 
Litt. D. 3420 Auchentoroly Ter., Baltimore, Md. 
Director of Pharmacological Research Laboratory, 
Hynson, Westcott and Dunning, Inc.; Profes- 
sorial Lecturer in Physiology, Yeshiva College, 
New York City. (1, 1916) 

Madden, Sidney C., M.D. University of Roches- 
ter School of Medicine and Dentistry, Rochester, 
N. Y. Assistant Professor of Pathology. (A, 
1939) 

Maddock, Stephen, M.D. Boston City Hospital, 
Boston, Mass. Director of Surgical Research 
Laboratory. (4, 1931) 

Madsen, Louis L., Ph.D. Bureau of Animal 
Industry, U. S. Department of Agriculture, 
Box 71, Berwyn, Md. Nutritionist. (5, 1940) 

Maes, Julian P., M.D.* Dartmouth Medical 
School, Hanover, N. H. Department of Pharma- 
cology. (1, 1943) 

Magath, Thomas B., M.S., Ph.D., M.D. Mayo 
Clinic, Rochester, Minn. Associate Professor 
of Clinical Bacteriology and Parasitology, Uni- 
versity of Minnesota, Mayo Foundation; Con- 
suliant Physician in Clinical Laboratories, 
Mayo Clinic. (1, 1928) 

Magill, Thomas P., M.D. Cornell University 
Medical College, 1300 York Ave., New York 
City. (6, 1937) 

Magoun, Horace W., Ph.D. Northwestern Uni- 
versity Medical School, 303 E. Chicago Ave., 
Chicago, Ill. Professor of Microscopic Anatomy. 
(1, 1937) 

Mahon, Eleanor Conway, Ph.D. Iron River, 
Mich. (4, 1940) 

Main, Rolland J., Ph.D. Medical College of 
Virginia, Richmond. Professor of Physiology. 
(1, 1936) 

Maison, George L., M.S., M.D. Aero-Medical 
Research Laboratory, Engineering Division, 
Wright Field, Dayton, O. Ist. Lt., Medical Corps., 
Assistant Professor of Physiology, Wayne Uni- 
versity, Detroit, Mich. (1, 1939) 

Major, Randolph T., M.Sc., Ph.D. Coles Ave., 
Mountainside, Westfield, N. J. Director of 
Research, Merck & Co., Inc., Rahway, N. J. 
(2, 1942) 

Mallory, G. Kenneth, M.D. Mallory Institute 
of Pathology, Boston City Hospital, Boston, 
Mass. Associate Professor. (4, 1940) 

Mallory, Tracy B., M.D. Massachusetts General 
Hospital, Boston. Chief of Pathology and 
Bacteriology; Assistant Professor of Pathology, 
Harvard Medical School. (4, 1937) 

Maloney, Arnold H., Ph.D., M.D., LL.D. How- 
ard University School of Medicine, Washington, 
D. C. Professor and Head of Department of 
Pharmacology. (3, 1932) 
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Maltaner, Frank, Ph.D. 388 New Scotland Ave., 
Albany, N. Y. Associate Biochemist, Division 
of Laboratories and Research, New York State 
Department of Health. (6, 1920) 

Maluf, N. S. Rustum, M.S., Ph.D. Company D, 
SCSU, No. 1144, 427 Vanderbilt Hall, Harvard 
School, Boston, Mass. (1, 1942) 

Man, Evelyn B., Ph.D. 333 Cedar St., New Haven, 
Conn. Assistant Professor in the Biochemistry 
Laboratory, Yale University School of Medicine. 
(2, 1936) 

Manery, Jeanne Forest, M.A., Ph.D. Medical 
School, University of Toronto, Toronto, Ont., 
Canada. Demonstrator in Biochemistry. (1, 
1937) 

Mann, Frank C., M.A., M.D., Se.D., LL.D. 
Mayo Clinic, Box 256, Rochester, Minn. Direc- 
tor, Division of Experimental Medicine; Profes- 
sor of Experimental Medicine, Mayo Foundation. 
(1, 1916; 3, 1923; 4, 1924) 

Manning, G. W., M.D.* 20 Woodington Ave,, 
Toronto, Ontario, Canada. Medical Officer in 
Charge, No. 2 R.C.A.F. Research Unit. (1, 
1944) 

Manville, Ira Albert, M.A.,M.D., Ph.D. Univer- 
sity of Oregon Medical School, Portland. Asso- 
ciate Clinical Professor of Medicine and Director 
of Nutritional Research Laboratories. (1, 1933) 

Manwaring, Wilfred H., M.D. Stanford Uni- 
versity, Palo Alto, Calif. Professor Emeritus of 
Bacteriology and Experimenial Pathology. (4, 
prior to 1920; 6, 1917) 

Marine, David, A.M., M.D. Montefiore Hos- 
pital, Gunhill Road and East 210th St., New 


York City. Director of Laboratories. (1, 1910; 
(4, 1913) 
Markowitz, J., M.D., Ph.D. 220 Bloor S&t., 


Toronto, Ont., Canada. Research Associate in 
Physiology, University of Toronto, Faculty of 
Medicine. (1, 1929) 

Marmont, George H., Ph.D. 4855 Fourth Ave., 
Detroit, Mich. Electronic Engineer, Bendix Avi- 
ation Research Laboratories. (1, 1941) 

Marmorston, Jessie. 522 Genesee, Los Angeles, 
Cal. (6, 1932) 

Marrazzi, Amedeo S., M.D. Wayne University 
College of Medicine, Detroit 26, Mich. Professor 
and Head of the Department of Pharmacology. 
(3, 1938) 

Marsh, Gordon, Ph.D.* State University of Iowa, 
Iowa City. Assistant Professor of Zoology. (1, 
1944) 

Marsh, M. Elizabeth, M.S., Ph.D. Killian Re- 
search Laboratories, 49 W. 45th St., New York 
City. Assistant Director. (1, 1929; 5, 1933) 

Marshak, Alfred George, M.A., Ph.D. Radiation 
Laboratory, University of California, Berkeley. 
Research Associate and Finney-Howell Fellow. 

(1, 1940) 
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Marshall, Eli Kennerly, Jr., Ph.D., M.D., LL.D. 
Johns Hopkins Medical School, Baltimore, Md. 


Professor of Pharmacology and Experimental 
Therapeutics; Member, National Academy of 


Sciences. (1, 1915; 2, 1913; 3, 1915) 

Marshall, Wade H., Ph.D. 9700 Brunett Ave., Sil- 
ver Spring, Md. Wilmer Ophthalmological Insti- 
tute, Johns Hopkins Hospital, Baltimore, Md. 
Associate in Physiological Optics, Johns Hopkins 
Hospital. (1, 1937) 

Martin, Arthur W., Jr., Ph.D.* 202 Physiology 
Hall, University of Washington, Seattle. Asso- 
ciate Professor of Animal Biology. (1, 1944) 

Martin, Donald S., M.D. Duke Hospital, Durham, 
N. C. Associate Professor of Bacteriology and 
Associate in Medicine, Duke University School 
of Medicine. (4, 1940; 6, 1943) 

Martin, Stevens J., M.A., Ph.D. Tilton General 
Hospital, Fort Dix, N. J. Capt. M.C., Chief of 
Sections on Anesthesia and Operating Pavilion, 
and Resuscitation and Oxygen Therapy. (I, 
1933) 

Mason, Edward C., M.D., Ph.D. University of 
Oklahoma School of Medicine, Oklahoma City. 
Professor of Physiology. (1, 1935) 

Mason, H. L., M.A., Ph.D. Mayo Clinic, Roches- 
ter, Minn. Associate Professor of Physiological 
Chemistry, The Mayo Foundation, University 
of Minnesota. (2, 1941) 

Mason, Karl Ernest, Ph.D. The University of 
Rochester, School of Medicine and Dentistry, 
Rochester, N. Y. Professor ‘of Anatomy. 
(1, 1982; 5, 1941) 

Mason, Morton F., Ph.D. Parkland Hospital, Oak 
Lawn Ave., Dallas, Texas. Professor of Patho- 
logical Chemistry and Experimental Medicine, 
Southwestern Medical College. (2, 1938) 

Massengale, Oliver N., Ph.D. Mead Johnson & 
Co., Research Laboratory, Evansville, Ind. Re- 
search Biochemist. (2, 1937) 

Masson, Georges M. C., Ph.D.* McGill Uni- 
versity, Montreal, Canada. Research Associate. 
(1, 1944) 

Mast, S. O., Ph.D. Johns Hopkins University, 
Baltimore, Md. Professor of Zoology. (1, 
1920) 

Mathews, Albert Prescott, Ph.D., D.Sc. (hon.). 
Woods Hole, Mass. Professor Emeritus of 
Biochemistry, Univ. of Cincinnati. (1, 1898; 2, 
1906) 

Mattill, Henry A., A.M., Ph.D. State University 
of Iowa, Iowa City. Professor of Biochemistry. 
(1, 1913; 2, 1909; 5, 1933) 

Maurer, Frank W., Ph.D. Harvard School of 
Public Health, 55 Shattuck St., Boston, Mass. 
Assistant Professor of Physiology. (1, 1941) 

Mavor, James Watt, Ph.D. Union College, 
Schenectady, N. Y. Professor of Biology. 

(1, 1930) 
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Mayerson, Hymen S., Ph.D. Tulane University 
School of Medicine, Station 20, New Orleans, La. 
Associate Professor of Physiology. (1, 1928) 

Maynard, Leonard A., Ph.D. Cornell University, 
Ithaca, N. Y. Professor of Animal Nutrition; 
Director of United States Soil, Plant and Nutri- 
tion Laboratory; Member National Academy of 
Sciences. (2, 1930; 5, 1933) 

Mazur, Abraham, M.A., Ph.D. Medical Research 
Laboratory, Edgewood Arsenal, Md. Captain, 
Sanitary Corps, U. S. Army; Instructor, De- 
partment of Chemistry, City College of New York 
(on leave). (2, 1944) } 

McCann, William S., M.D., D.Sc. (Hon.) USS 
Refuge AH-11, Fleet P.O., New York. Captain 
(MC) USNR. The Charles A. Dewey Professor 
of Medicine, University of Rochester, School of 
Medicine. (On leave.) (2, 1923; 5, 1933) 

McCarrell, Jane D., M.A., Ph.D. Dept. Surgical 
Research, Massachusetts General Hospital, 
Boston. Research Fellow in Anesthesia, Massa 
chusetts General Hospital; Instructor in Physi- 
ology, Harvard School of Public Health. (1, 
1942) 

McCawley, Elton Leeman, Ph.D. Yale Medical 
School, New Haven, Conn. Instructor in Pharma- 
cology. (3, 1944) ‘ 

McCay, Clive M., M.S., Ph.D. Animal Nutrition 
Laboratory, Cornell University, Ithaca, N. Y. 

(2, 1929; 5, 


Professor of Animal Nutrition. 
1933) 

McChesney, Evan William, Ph.D.* Winthrop 
Chemical Co., 33 Riverside Ave. Rensselaer, N. 
Y. Research Biochemist. (1, 1944) 


McClellan, Walter S., M.D. Saratoga Spa, 
Saratoga Springs, N. Y. Medical Director; 
Associate Professor of Medicine, Albany Medical 
College. (1, 1931) 

McClendon, J. F., M.S., Ph.D. Route 1, Trooper 
Road, Norristown, Pa. Research Professor of 
Physiology, Hahnemann Medical College. (1, 
1910; 2, 1914; 5, 1935) 

McClosky, William T., B.A. 5120 7th St., N.W., 
Washington, D.C. Senior Pharmacologist, Div. 
of Pharmacology, Food and Drug Administra- 
tion. (3, 1929) 

McCollum, Elmer Verner, M.A., Ph.D., Sc.D., 
LL.D. Johns Hopkins University, School of 
Hygiene and Public Health, 615 N. Wolfe St., 
Baltimore, Md. Professor of Biochemistry; 
Member, National Academy of Sciences. (2, 
1910; 5, 1933) 

McCouch, Grayson Prevost, M.D. University of 
Pennsylvania, Philadelphia. Assistant Profes- 
sor of Physiology. (1, 1925) 

McCrea, Forrest D., Ph.D. Duke University 
School of Medicine, Durham, N. C. Associate 
Professor of Physiology and Pharmacology. 
(1, 1929; 3, 1937) 
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MgCrudden, F. H., M.D. 501 Boylston St., 
Boston, Mass. Assistant Medical Director, New 
England Mutual Life Insurance Co. (2, 1906) 

McCullagh, D. Roy, M.Sc. (Man.); Ph.D. (Can- 
tab.), FIC. 150 Northfield Rd., Bedford, O. 
Vice-President. (2, 1932) 

McCulloch, Warren Sturgis, M.A., M.D. Uni- 
versity of Illinois, College of Medicine, Chicago. 
Associate Professor of Psychiatry. (1, 1936) 

McCutcheon, Morton, M.D. University of Penn- 
sylvania Medical School, Philadelphia. Profes- 
sor of Pathology. (4, 1925) 

McDonald, Francis Guy, M.S., Ph.D. Research 
Laboratory, Mead Johnson & Co., Evansville, 
Ind. Research Biochemist. (2, 1936) 

McElroy, L. W. Dept. of Animal Science, Uni- 
versity of Alberta, Edmonton, Canada. Assist. 
Prof. of Animal Husbandry. (5, 1944) 

McElroy, William Swindler, M.D. School of 
Medicine, University of Pittsburgh, Pittsburgh, 
Pa. Professor of Physiological Chemistry; Dean, 
School of Medicine. (2, 1919) 

McFarland, Ross A.,* Ph.D. Harvard University, 
Division of Industrial Research, Graduate School 
of Business Administration, Soldiers Field, 
Boston, Mass. Assistant Professor of Industrial 
Research. (1, 1943) 

McFarlane, William Douglas, Ph.D. Macdonald 
College, (McGill University), Macdonald Col- 
lege, P. Q., Canada. Professor of Chemistry. 
(2, 1933) 

McGinty, Daniel A., M.A., Ph.D. Parke, Davis 
& Co., Detroit, Mich. Research Physiologist. 
(1, 1925) 

McGuigan, Hugh Alister, Ph.D., M.D. 1853 
W. Polk St., Chicago, Ill. Professor of Pharma- 
cology and Therapeutics, College of Medicine, 
University of Illinois. (1, 1907; 2, 1906; 3, 
1913) 

McHargue, J. S., M.S., Ph.D., D.Sc. Department 
of Chemistry, Kentucky Agricultural Experi- 
ment Station, University of Kentucky, Lexing- 
ton. Emeritus Member. (2, 1927) 

McHenry, E. W., M.A., Ph.D., F.R.S.C. School 
of Hygiene, University of Toronto, Toronto, 
Canada. Assistant Director, Connaught Labo- 
ratories; Associate Professor in Charge of Nutri- 
tion. (2, 1938; 5, 1935) 

McIntyre, A. R., Ph.D., M.D. College of Medi- 
cine, University of Nebraska, 42nd and Dewey 
Ave., Omaha. Professor of Physiology and 
Pharmacology. (1, 1933; 3, 1928) 

McKee, Clara M., Squibb Institute for Medical 
Research, New Brunswick, N. J. Assistant in 
Microbiology. (6, 1941) 

McLain, Paul L., M.D. University of Pittsburgh 
Medical School, Pittsburgh, Pa. Assistant 
Professor of Physiology and Pharmacology; 
Major, M.C. (3, 1940) 
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McLean, Franklin C., Ph.D., M.D. Universjty 
of Chicago, Chicago, Ill. Professor of Patho- 
logical Physiology. (1, 1914; 2, 1916; 3, 1916) 

McLester, James S., M.D., LL.D. University of 
Alabama, 930 S. 20th St., Birmingham. Pro- 
fessor of Medicine. (5, 1933) 

McMaster, Philip D., M.D. The Rockefeller 
Institute for Medical Research, 66th St. and 
York Ave., New York City. (4, 1924) 

McMeekin, Thomas L., Ph.D. Eastern Regional 
Research Laboratory, U. S. Department of 
Agriculture, Philadelphia, Pa. Senior Chemist. 
(2, 1935) 

McNaught, James Bernard, M.D. Stanford Uni- 
versity School of Medicine, San Francisco, Calif. 
Associate Professor of Pathology. (4, 1936) 

McPhail, Murchie Kilburn, Ph.D. Dalhousie 
University, Halifax, Nova Scotia. Professor of 
Pharmacology. (3, 1941) 

McQuarrie, Irvine, Ph.D., M.D. University of 
Minnesota, Minneapolis. Professor and Head 
of Department of Pediatrics. (4, 1927; 5, 1933) 

Medes, Grace, Ph.D. Lankenau Hospital Re- 
search Institute, Philadelphia, Pa. Research 
Physiological Chemist. (2, 1930) 

Medlar, Edgar M., M.D. Path. Bldg., Room 708 
Bellevue Hospital, Ist Ave. at 26th St., New 
York, N. Y. Pathologist. (4, 1927) 

Meek, Walter J., Ph.D. University of Wisconsin, 
Madison. Professor of Physiology; Assistant 
Dean of the Medical School. (1, 1908) 

Mellon, Ralph R., M.D., M.Sc., Dr. P.H., Sc.D. 


(hon.). Institute of Pathology, Western Penn- 
sylvania Hospital, Pittsburgh. Director. (6, 
1918) 


Melnick, Daniel, Ph.D. Food Research Labora- 
tories, Inc., 48-14 33rd St., Long Island City, 
N.Y. Chief Chemist. (2, 1940; 5, 1942) 

Melville, Kenneth Ivan, M.Sc., M.D., C.M. 
McGill University, Montreal, Canada. Assist- 
ant Professor of Pharmacology. (3, 1931) 

Mendenhall, Walter L., S.M., M.D. Boston 
University Medical School, 80 E. Concord St., 
Boston, Mass. Professor of Pharmacology. 
(1, 1915; 3, 1917) 

Mendez, Rafael, M.D. Loyola University School of 
Medicine, 706 S. Wolcott Ave., Chicago, Ill. 
Assistant Professor of Pharmacology. (3, 1944) 

Menkin, Valy, M.A., M.D. Dept. of Pathology, 
Duke University School of Medicine, Durham, 
N.C. Assistant Professor of Pathology. (1, 1932; 
4, 1932; 6, 1931) 

Menten, Maud L., M.D., Ph.D. University of 
Pittsburgh, Pittsburgh, Pa. Associate Profes- 
sor of Pathology. (1, 1915; 4, 1927) 

Mettier, Stacy R., M.D. University of Cali- 
fornia Hospital, San Francisco. Associate Pro- 

' fessor of Medicine. (4, 1932) 
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Mettler, Fred A., A.M., Ph.D., M.D. Department 


of Neurology, College of Physicians and Sur- 
geons, Columbia University, New York City. 
Associate Professor of Anatomy. (1, 1937) 

Meyer, Curtis E., M.S., Ph.D. The Upjohn Co., 
Kalamazoo, Mich. Research Chemist. (2, 1942) 

Meyer, Karl, M.D., Ph.D. 630 W. 168th St., 
New York City. Associate Professor of Bio- 
Chemisiry, Dept. of Ophthalmology, College of 
Physicians and Surgeons, Columbia University. 
(2, 1934) 

Meyer, Karl F., M.D., Ph.D. Medical Center, 
San Francisco, Calif. Professor of Bacteri- 
ology, University of California. Director of the 
George Williams Hooper Foundation for Medical 
Research. (4, 1930; 6, 1922) 

Meyerhof, Otto, M.D., LL.D. Department of 
Physiological Chemistry, University of Penn- 
sylvania School of Medicine, Philadelphia. 
Research Professor of Biochemistry. (2, 1941) 

Michaelis, Leonor, M.D. Rockefeller Institute 
for Medical Research, 66th St. and York Ave., 
New York City. Member Emeritus. (2, 1929) 

Mickelsen, Olaf, Ph.D. University of Minnesota, 
Department of Physiological Hygiene, Stadium 
South Tower, Minneapolis. Assistant Professor. 
(2, 1944) 

Mider, George Burroughs, M.D. Univ. of Virginia, 
School of Medicine, Charlottesville. Associate 
Professor of Pathology. (4, 1940) 

Miles, Walter R., A.M., Ph.D. 333 Cedar St., 
New Haven, Conn. Professor of Psychology, 
The School of Medicine and the Institute of 
Human Relations, Yale University; Member of 
the National Academy of Sciences. (1, 1919) 

Milhorat, Ade T., M.D. Cornell University 
Medical College, 1300 York Ave., New York City. 
Assistant Professor of Medicine and Instructor 
in Pharmacology; Research Fellow, Russell Sage 
Institute of Pathology. (1, 1934; 3, 19387; 5, 
1935) 

Miller, Augustus Taylor, Jr., Ph.D.* University of 
North Carolina Medical School, Chapel Hill. 
Associate Professor of Physiology. (1, 1944) 

Miller, Benjamin F., Ch.E., M.D. 9005 Seneca 
Lane, Bethesda, Md. Major (Surgeon, R), U.S. 
Public Health Service. Assistant Professor of 
Medicine, University of Chicago, Chicago, Ill. 
(On leave for duration.) (2, 1938) 

Miller, Carey D., M.S. University of Hawaii, Hono- 
lulu. Professor of Food and Nutrition, Hawaii 
Agricultural Experimental Station. (5, 1942) 

Miller, C. Phillip, M.D., M.S. University of 
Chicago, Chicago, Ill. Professor of Medicine. 
(4, 1925; 6, 1928) 

Miller, Edgar C. L., M.D. %Library, Medical 
College of Virginia, Richmond. Directing Li- 
brarian. (6, 1913) 
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Miller, Edgar G., Jr., Ph.D. 630 W. 168th St., 
New York City. Professor of Biological Chem- 
istry, Columbia University. (2, 1930) 

Miller, Franklin R., M.D. Jefferson Medical 
College and Hospital, Division of Hematology, 
Philadelphia, Pa. Associate Professor of Medi- 
cine. (4, 1940) 

Miller, Frederick R., A.M., M.D., F.R.C.P. (C), 
F.R.S. Faculty of Medicine, University of 
Western Ontario, London, Ont., Canada. Pro- 
fessor of Physiology. (1, 1908) 

Miller, G. H., A.M., M.D. American University 
of Beirut, Beirut, Syria. Dean of the College of 
Medicine. (3, 1925) 

Miller, Lloyd C., Ph.D. Research and Biologic 
Laboratory, Winthrop Chemical Co., Rensselaer, 
N. Y. Senior Pharmacologist. (3, 1938) 

Miller, R. C., Ph.D. Pennsylvania State College, 
State College. Assistant Professor Agricultural 
and Biological Chemistry. (5, 1935) 

Miller, Zelma Baker, Ph.D., Naval Medical Re- 
search Institute, National Naval Medical Cen- 
ter, Bethesda, Md. Biochemist. (2, 1940) 

Millikan, Glenn A., Ph.D. Johnson Foundation, 
University of Pennsylvania, Philadelphia. Fel- 
low in Biophysics. (1, 1940) 


Mills, Clarence A., Ph.D., M.D. Cincinnati Gen- 
eral Hospital, Cincinnati, O. James T. Heady 
Professor of Experimental Medicine, University 


of Cincinnatt. (1, 1921; 2, 1921) 

Minot, Annie Stone, Ph.D. Vanderbilt Univer- 
sity Medical School, Nashville, Tenn. Re- 
search Associate, Department of Pharmacology. 
(1, 1923) 

Mirsky, Alfred E., Ph.D. The Jewish Hospital, 
Cincinnati 29, O. (2, 1941) 

Mirsky, I. Arthur, M.Sc.,M.D.,C.M. The Jewish 
Hospital, Cincinnati, O. Director, The May 
Institute for Medical Research; Assistant Profes- 
sor of Biochemistry, University of Cincinnati. 
(1, 1936) 

Mitchell, Harold H., M.S. Dept. of Bacteriology, 
Washington University Medical School, St. 
Louis, Mo. Research Fellow. (6, 1943) 

Mitchell, Harold H., M.S., Ph.D. Room 557, 
Old Agricultural Bldg., University of Illinois, 
Urbana. Professor of Animal Nutrition. (2, 
1919; 5, 1933) ; 

Mitchell, Helen S., Ph.D. 699 Forest Rd., New 
Haven, Conn. (2, 1925; 5, 1933) 

Mitchell, Philip H., Ph.D. Brown University 
Providence 12, R. I. Robert P. Brown Profes- 
sor of Biology. (2, 1909) 

Modell, Walter, M.D. Cornell University Medical 
College, 1300 York Ave., New York, N. Y. In- 
structor in Pharmacology. (3, 1944) 

Moe, Gordon Kenneth, Ph.D., M.D. University of 
Michigan, Ann Arbor. Assistant Professor of 
Pharmacology. (3, 1944) 


‘Molomut, 
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Molitor, Hans, M.D. 50 Lawrence St., Rahway, 
N.J. Director, Merck Institute for Therapeutic 
Research. (1, 1933; 3, 1942) 

Norman, M.A., Ph.D. 200 Walnut 
St., Yellow Springs, O. Assistant Bacteriol- 
ogist, Department of Medicine, Columbia Uni- 
versity (on leave); First Lieutenant, Army of 
U.S. Aero Medical Research. (6, 1942) 

Moon, Virgil H., M.Sc., M.D. Jefferson Medical 
College, Philadelphia, Pa. Professor of Pa- 
thology. (4, 1934) 

Moore, A. R., Ph.D. University of Oregon, 
Eugene. Research Professor of General Physi- 
ology in the Depariment of Psychology. (1, 1912) 

Moore, Carl Vernon, M.D. Washington Univer- 
sity School of Medicine, St. Louis, Mo. Asso- 
ciate Professor of Medicine. (4, 1938; 5, 1941) 

Moore, Lane A., Ph.D. University of Maryland, 
College Park. Research Assistant in Dairy 
Husbandry. (5, 1940) 

Moore, Robert A., M.D. Washington University 
Medical School, St. Louis, Mo. Professor of 
Pathology. (4, 1929) 

Moore, Robert M., M.D. 5808 Westminster, St. 
Louis, Mo. Lt. Col., M.C. (1, 1932) 

Moorhouse, Victor Henry K., M.B. University 
of Manitoba, Winnipeg, Canada. Professor of 
Physiology. (1, 1912) 

Morgan, Agnes Fay, M.S., Ph.D. University of 
California, Berkeley. Professor of Home Eco- 
nomics; Biochemist, Agric. Exp. Station; Head, 
Department of Home Economics. (2, 1929; 5, 
1933) 

Morgan, Clifford T., M.A., Ph.D.* Harvard Uni- 
versity, Cambridge, Mass. Faculty Instructor in 
Physiological Psychology. (1, 1943) 

Morgulis, Sergius, A.M., Ph.D. University of 
Nebraska College of Medicine, Omaha. Pro- 
fessor of Biochemistry. (1, 1914; 2, 1916) 

Morison, Robert S., M.D. Harvard Medical 
School, Boston, Mass. Assistant Professor of 
Anatomy. (1, 1938) 

Moritz, Alan R., M.D. Harvard Medical School, 
Boston, Mass. Professor of Legal Medicine. 
(4, 1934) 

Morrell, Clarence Allison, M.A., Ph.D. Depart- 
ment of Pensions and National Health, Labora- 
tory of Hygiene, Sussex and John Sts., Ottawa, 
Canada. Senior Pharmacologist. (3, 1937) 

Morris, Harold P., M.S., Ph.D. National Cancer 
Institute, Bethesda, Md. Senior Nutrition Chem- 
ist, U. S. Public Health Service. (2, 1944; 5, 
1943) 

Morris, Marion C. Public Health Research Insti- 
tute of City of New York, Foot of East 15th St., 
New York City. (6, 1936) 

Morrison, Dempsie B., M.S., Ph.D. University 
of Tennessee College of Medicine, Memphis. 
Associate Professor of Chemistry. (2, 1936) 
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Morrison, James L., Ph.D. Emory University 
School of Medicine, Emory University, Ga. 
Assistant Professor of Pharmacology. (3, 1944) 

Morse, Minerva, M.S., Ph.D. 5525 Kimbark 
Ave., Chicago, Ill. Research Associate, Depart- 
ment of Pediatrics, University of Chicago. 
(2, 1934) 

Merse, Withrow, Ph.D. 32 Manchester Rd., 
Eastchester, via Tuckahoe, N. Y. Consultant. 
(2, 1914) 

Mortimer, Bernard, Ph.D., M.D. 250 N. Ottawa 
St., Joliet, Ill. Cook County Hospital, Chicago, 
Ill. (1, 1936) 

Morton, John J., M.D. University of Rochester, 
School of Medicine and Dentistry, Rochester, 
N.Y. Professor of Surgery. (4, 1927) 

Mosenthal, Herman O., M.D. 889 Lexington 
Ave., New York City. Professor of Medicine, 
New York Post-Graduate Medical School. (2, 


1915) 
Moulton, C. Robert, Ph.D. 5717 Kenwood Ave., 
Chicago, Ill. Editor. (5, 1933) 


Moxon, Alvin L., M.S., Ph.D. College Station, 
Brookings, 8. D. Chemist, South Dakota Agri- 
cultural Experiment Station. (2, 1944) 

Moyer, Carl A., Ph.D.* Seymour Hospital, Eloise, 
Mich. Assistant Professor of Surgery. (1, 1943) 

Mudd, Stuart, M.A., M.D. University of Penn- 
sylvania, Philadelphia. Professor of Bacteri- 
ology. (1, 1921; 4, 1927; 6, 1927) 

Muehlberger, Clarence W., M.S., Ph.D. State 
Health Department Laboratories, Lansing, Mich. 
State Tozxicologist. (3, 1928) 

Mueller, J. Howard, M.S., Ph.D. 2176 Centre St., 
N. Roxbury, Mass. Professor of Bacteriology and 
Immunology, Harvard Medical School. (2, 1922; 
4, 1927; 6, 1920) 

Mukherji, B., M.B., D.Sc. All-India Institute of 
Hygiene and Public Health, Calcutta. Director, 
Biochemical Standardization Laboratory. (3, 
1938 ) 

Mulder, Arthur G., Ph.D. University of Ten- 
nessee College of Medicine, Memphis. Asso- 
ciate Professor of Physiology. (1, 1937) 

Mulinos, M. G., M.D., Ph.D. College of Physi- 
cians and Surgeons, Columbia University, 630 
W. 168th St., New York City. Associate Profes- 
sor of Pharmacology. (38, 1931) 

Mull, James W., Ph.D. Maternity Hospital, 
2065 Adelbert Rd., Cleveland, O. Senior In- 
structor in Biochemistry in charge of Biochemical 
Research in Obstetrics, Western Reserve Uni- 
versity. (2, 1937) 

Mullin, F. J.,M.S., Ph.D. University of Chicago, 
Chicago, Ill. Assistant Professor of Physiology. 
(1, 1937) 

Munsell, Hazel E. 8 N. Main St., Monson, Mass. 
(5, 1933) 
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Muntwyler, Edward, Ph.D. Long Island College of 
Medicine, 350 Henry St., Brooklyn, N. Y. Pro- 
fessor of Biochemistry. (2, 1931) 

Murlin, John R., A.M., Ph.D., Se.D. University 
of Rochester Medical School, 260 Crittenden 
Blvd., Rochester, N. Y. Lewis P. Ross Profes- 
sor Emeritus of Physiology and Director of De- 
partment of Vital Economics. (1, 1906; 2, 1908; 
5, 1933) 

Murphy, James B., M.D. Rockefeller Institute 
for Medical Research, 66th St. and York Ave., 
New York City. Member. (4, prior to 1920) 

Murray, Everitt G. D., O.B.E., B.A. honors in 
Natural Science, M.A., L.M.S.8.A., F.R.S.C. 
McGill University, Montreal, Canada. Profes- 
sor of Bacteriology and Immunology and Head 
of the Department, McGill University; Bacteri- 
ologist-in-Chief to the Royal Victoria Hospital, 
to the Children’s Memorial Hospital and to the 
Alexandra Hospital. (6, 1933) 

Myers, Chester N., Ph.D., Sc.D. 34 Cedar Place, 
Yonkers 5, N. ”. Chief, Division Chemother- 
apy, N. Y. Skin and Cancer Hospital; Asso- 
ciate in Dermatology and Syphilology, College of 
Physicians and Surgeons; Research Chemist, 
Vanderbilt Clinic; Director, Chemical and 
Clinical Research, H. A. Metz Laboratories, 
Inc. (2, 1922) 

Myers, Victor C., M.A., Ph.D., Se.D. School of 
Medicine, Western Reserve University, Cleve- 
land,O. Professor and Director of Biochemistry. 
(1, 1916; 2, 1910; 5, 1933) 

Nachmansohn, David, M.D. Dept. of Neurology, 
College of Physicians and Surgeons, Columbia 
University, 630 W. 168th St., New York City. 
Research Associate in Neurology. (1, 1940) 

Nadler, J. Ernest, M.D., Med. D.Sc. U. S. Navy 
Recruiting Station, 383 Madison Ave., New York, 
N.Y. Instructor in Medicine; Lt. Comdr. (M.C.) 
(3, 1940) 

Nahum, Louis N., M.D. 1142 Chapel St., New 
Haven, Conn. Assistant Professor of Physi- 
ology, Yale University. (1, 1934) 

Nash, Thomas P., Jr., M.A., Ph.D. 875 Monroe 
Ave., Memphis, Tenn. Professor of Chemistry, 
College of Medicine; Dean of School of Biological 
Sciences, University of Tennessee. (2, 1923) 

Nasset, Edmund S., M.S., Ph.D. University of 
Rochester, 260 Crittenden Blvd., Rochester, 
N. Y. Associate Professor of Physiology; 
Major, San. Corps. (1, 1932; 5, 1940) 

Nathanson, Ira T., M.S., M.D.* Massachusetts 
General Hospital, Boston. Instructor in Surgery, 
Harvard Medical School; Assistant in Surgery, 
Mass. General Hospital. (1, 1943) 

Nathanson, Morris D., M.D. 658 S. Bonnie Brae 
St., Los Angeles, Calif. Associate Clinical Pro- 
fessor of Medicine, University of Southern Cali- 
fornia School of Medicine. (3, 1940) 
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Necheles, Heinrich, M.D., Ph.D. Michael Reese 
Hospital, Chicago, Ill. Director, Dept. of 
Gastro-intestinal Physiology, Michael Reese 
Hospital; Professorial Lecturer in Physiology, 
University of Chicago. (1, 1929) 

Neill, James M., Ph.D. Medical College, Cornell 
University, 1300 York Ave., New York City. 
Professor of Bacteriology and Immunology. 
(6, 1930) 

Neilson, Charles Hugh, A.M., Ph.D., M.D. 
Humboldt Building, St. Louis, Mo. Associate 
Dean and Professor of Medicine, St. Louis 
University Medical School. (2, 1906) 

Nelson, Arthur A., M.D., Ph.D. Food and Drug 
Administration, Federal Security Agency, Wash- 
ington, D. C. Senior Pathologist, Division of 
Pharmacology. (4, 1942) 

Nelson, Carl Ferdinand, M.D., Ph.D. Depart- 
ment of Biochemistry, University of Kansas, 
Lawrence. Professor of Physiological Chemis- 
try. (2, 1914) 

Nelson, Carl T., A.M., D.M.D., M.D. 4th Service 
Command Laboratory, Ft. McPherson, Ga. 
Captain, M.C., A. U.S. (6, 1943) 


Nelson, Erwin E., Ph.D., M.D. The Burroughs 
Wellcome and Co., Experimental Research 
Laboratories, Tuckahoe, N. Y. Director of Re- 
search Laboratories. (1, 1923; 3, 1924) 

Nelson, E. M., M.S., Ph.D. Food and Drug 


Administration, Federal Security Agency, Wash- 
ington 25, D. C. Chief, Vitamin Division. (2, 
1927; 5, 1933) 

Nelson, John B., Ph.D. Rockefeller Institute for 
Medical Research, Princeton, N. J. Associate 
Member. (4, 1934) 

Nelson, John M., Ph.D. Columbia University, 
New York City. Professor of Organic Chem- 
istry. (2, 1923) 

Nelson, P. Mabel, M.S., Ph.D. Iowa State 
College, Ames. Dean, Division of Home Econom- 
tes. (5, 1934) 

Nelson, Tell, M.A., M.D., 0-263312. Surgeon’s 
Office Headquarters, A.P.O. 958, c/o Postmaster, 
San Francisco, Calif. Major, M.C., U.S.A. (6, 
1938) 

Nelson, Victor E., M.S. Iowa State College, 
Ames. Professor of Physiological Chemistry. 
(2, 1924; 5, 1933); 

Nelson, Warren O., M.S., Ph.D. Dept. of Anat- 
omy, School of Medicine, Univ. of Iowa, Iowa 
City. Professor of Anatomy. (1, 1937) 

Neter, Erwin, M.D. School of Medicine, Uni- 
versity of Buffalo, 24 High St., Buffalo, N. Y. 
Aitending Bacteriologist, Children’s Hospital. 
(6, 1937) 

Nettleship, Anderson, M.D. Indianapolis City 
Hospitals, Indianapolis. Pathologist in Chief; 

_ Associate Pathologist, University of Indiana 
Medical School. (4, 1942) 
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Neuberg, Carl, Ph.D., M.D. (h.c.), Med. Chem. D. 
(h.c.), Biol. D. (h.c.), Dr. Eng. (h.c.), LL.D. 
905 Westend Ave., New York City. Research 
Professor, New York University; Member or hon. 
member of the Academies of Science of Copen- 
hagen, Géttingen, Leningrad, Lisbon, Lund, Prag, 
Rome and Upsala. (2, 1944) 

Neumann, Charles, M.D.* Rockefeller Institute 
for Medical Research, 66th St. and York Ave., 
New York, N. Y. Assistant in Medicine and 
Assistant Resident Physician. (1, 1944) 

Neurath, Hans, Ph.D. School of Medicine, Duke 
University, Durham, N.C. Assistant Professor 
of Biochemistry. (2, 1940) 

Neuwelt, Frank, M.D. 504 Broadway, Gary, 
Ind. Research Associate, Department of Gastro- 
intestinal Research, Michael Reese Hospital. 
(1, 1940) * 

Neuwirth, Isaac, Ph.D. 209 E. 28rd St., New 
York City. Associate Professor of Pharma- 
cology and Therapeutics, New York University 
College of Dentistry. (2, 1924; 3, 1931) 

Newburgh, L. H., M.D. University of Michigan, 
Ann Arbor. Professor Clinical Investigation, 
Medical School. (5, 1933) 

Nice, Leonard B., Ph.D. Chicago Medical School, 
710 S. Wolcott Ave., Chicago, Ill. Professor of 
Physiology and Pharmacology. (1, 1921) 

Nicholas, John S., M.S., Ph.D. Osborn Zoological 
Laboratory, Yale University, New Haven, Conn. 
Bronson Professor of Comparative Anatomy. 
(1, 1927) 

Nicholson, Hayden C., M.S., M.D. University of 
Michigan, Ann Arbor. Associate Professor of 
Physiology. Major, Office of the Air Surgeon, 
Hq. Army Air Forces, Washington 25, D.C. (1, 
1932) 

Nicolet, Ben H., Ph.D. Bureau of Dairy In- 
dustry, U. S. Department of Agriculture, Belts- 
ville, Md. Senior Chemist. (2, 1932) 

Niemann, Carl G., Ph.D. California Institute of 
Technology, Pasadena 4, Calif. Associate Pro- 
fessor, Organic Chemistry. (2, 1940) 

Nigg, Clara, M.A., Ph.D. c/o E. R. Squibb & Sons, 
New Brunswick, N.J. (6, 1929) 

Nims, Leslie F., M.A., Ph.D. Yale University 
School of Medicine, 333 Cedar St., New Haven, 
Conn. Assistant Professor of Physiology. (I, 
1940) 

Noble, Robert Laing, M.D., Ph.D. Research 
Institute of Endocrinology, McGill University, 
Montreal, Canada. Research Assistant. (1, 
1941) 

Nord, F. F., Ph.D. Fordham University, Dept. of 
Organic Chemistry, New York City. Professor of 
Chemistry. (2, 1940) 

Norris, Earl R., PhD. University of Washington, 
Seattle. Professor of Chemistry. (2, 1938) 
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Norris, L. C., Ph.D. Rice Hall, Cornell Univer- 
sity, Ithaca, N. Y. Professor of Nutrition; 
Secretary, School of Nutrition. (2, 1939; 5, 1934) 

Northrop, J. H., M.A., Ph.D., Se.D., LL.D. 
Rockefeller Institute for Medical Research, 
Princeton, N. J. Member. (2, 1938) 

Northup, David W., M.A., Ph.D. West Virginia 
University Medical School, Morgantown. Asso- 
ciate Professor of Physiology. (1, 1936) 

Novy, F. G., M.D., Se.D., LL.D. 721 Forest 
Ave., Ann Arbor, Mich. Dean Emeritus of the 
Medical School and Professor Emeritus of Bac- 
teriology, University of Michigan; Member, 
National Academy of Sciences. (2, 1906) 

Nye, Robert N., M.D. Boston City Hospital, Bos- 
ton, Mass. Editor, New England Journal of 
Medicine. (6, 1923) 

Oberst, Fred W., M.S., P#2.D. The Wm. S. Merrell 
Co., Lockland Station, Cincinnati, O. Chief, 
Division of Biochemistry. (2, 1936) 

Ochoa, Severo, M.D. New York University 
College of Medicine, New York City. Research 
Associate in Medicine. (2, 1942) 

Ogden, Eric, M.R.C.S. (England), L.R.C.P. 
(London). University of California, Berkeley. 
Assistant Professor of Physiology. (1, 1941) 

O’Hare, James P., M.D. 520 Commonwealth 
Ave., Boston, Mass. Physician, Peter Bent 
Brigham Hospital; Assistant Professor of 
Medicine, Harvard Medical School. (4, 1927) 

Okey, Ruth, Ph.D. 1583 Life Sciences Bldg., 
University of California, Berkeley. Professor of 
Home Economics and Biochemist, State Exp. 
Station. (2, 1922; 5, 1933) 

Olcott, Harold S., M.S., Ph.D. Western Regional 
Research Laboratory, U. S. Department of 
Agriculture, Albany 6, Calif. Senior Chemist. 
(2, 1935) 

Olitsky, Peter K., M.D. Rockefeller Institute 
for Medical Research, 66th St. and York Ave., 
New York City. Member. (4, 1923; 6, 1917) 

Oliver, Jean Redman, M.D. Hoagland Labora- 
tory, 335 Henry St., Brooklyn, N. Y. Professor 
of Pathology, Long Island College of Medicine. 

(1, 1924; 4, 1924) 

Oliver, Wade W., M.D. Hoagland Laboratory, 
335 Henry St., Brooklyn, N. Y. Professor of 
Bacteriology, Long Island College of Medicine. 
(4, 1925) 

Olmsted, J. M. D., M.A., Ph.D. University of 
California, Berkeley. Professor of Physiology. 
(1, 1920) 

Olson, Carl, Jr., D.V.M., Ph.D. Massachusetts 
State College, Amherst. Research Professor of 
Veterinary Science. (4, 1937) 

Opie, Eugene L., M.D., Sc.D., LL.D. Rockefeller 
Institute for Medical Research, 66th St. and 
York Ave., New York 21, N. Y. Member, Na- 
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tional Academy of Sciences. 
6, 1923) 

Oppenheimer, Enid Tribe. 124 E. 61st St., New 
York City. Instructor in Physiology, Columbia 
University. (1, 1932) 

Oppenheimer, Ernst, M.D. Ciba Pharmaceutical 
Products, Inc., Lafayette Park, Summit, N. J. 
Vice-President in charge of Medical Research. 
(3, 1944) 

Oppenheimer, Morton Joseph, Ed.M., M.D. 
3400 N. Broad St., Philadelphia, Pa. Associate 
Professor of Physiology, Temple University 
School of Medicine. (1, 1942) 

Orent-Keiles, Elsa, D.Sc. Bureau of Human Nu- 
trition and Home Economics, U. 8. Department 
of Agriculture, Beltsville, Md. In Charge of 
Nutrition Investigations; Assistant Chief, Foods 
and Nutrition Division. (2, 1935; 5, 1985) 

Ort, John M., Ph.D. 356 Raymond St., Rockville 
Centre, Long Island, N. Y.; American Pharma- 
ceutical Company, New York City. Director of 
Laboratories. (2, 1932) 

Orten, James M., M.8S., Ph.D. Wayne University 
College of Medicine, Detroit, Mich. Assoctate 
Professor of Physiological Chemistry. (2, 1936; 
5, 1937) 

Orth, O. Sidney, M.S., Ph.D., M.D. University 
of Wisconsin Medical School, Madison. Assistant 
Professor of Pharmacology. (1, 1942; 3, 1944) 

Osborne, Stafford L., B.P.E., M:S., Ph.D. 
Northwestern University Medical School, 303 
E. Chicago Ave., Chicago, Ill. Assistant Pro- 
fessor of Physical Therapy. (1, 1941) 

Oster, Robert H., Ph.D. University of Maryland 
Medical School, Greene and Lombard §Sts., 
Baltimore. Assistant Professor of Physiology. 
(1, 1938) 

Osterberg, Arnold E., M.S., Ph.D. Mayo Clinic, 
Rochester, Minn. Head, Clinical Biochemistry; 
Associate Professor, Mayo Foundation. (2, 
1933) 

Osterhout, Marian I.* Rockefeller Institute for 
Medical Research, 66th St. and York Ave., New 
York City 21. (1, 1944) 

Osterhout, W.J.V.,Ph.D. Rockefeller Institute, 
66th St.and York Ave., New York City. Mem- 
ber Emeritus of the Institute; Member of the 
National Academy of Sciences. (1, 1910) 

Owen, Seward E., M.S., Ph.D. 418 So. 20th Ave., 
Maywood, Ill. Major, S. E. Sn. Corps. (1, 1938) 

Pace, Donald M., Ph.D.* Dept. of Physiology and 
Pharmacology, College of Pharmacy, University 
of Nebraska, Lincoln. Associate Professor of 
Physiology. (1, 1944) 

Pack, George T., M.D. 139 E. 36th St., New 
York City 16. Fellow in Cancer Research, Me- 
morial Hospital. (1, 1924) 

Packchanian, Ardzroony, Ph.D. School of Medicine, 

University of Texas, Galveston. Associate Pro- 
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fessor of Bacteriology and Tropical Medicine. Patterson, Thos. L., A.M., M.S., Ph.D. Wayne 


(6, 1948) 

Page, Irvine H., M.D. Indianapolis City Hos- 
pital, Indianapolis, Ind. Director of Clinical 
Research. (1, 1987; 2, 1932) 

Painter, Elizabeth E., Ph.D. College of Physicians 
and Surgeons, Columbia University, 630 W. 168th 
St., New York. Instructor in Physiology. (1, 
1941) 

Palmer, Albert H., Ph.D. Pennsylvania State 
College School of Agriculture, State College. 
Assistant Professor of Biochemistry. (2, 1934) 

P’An, S. Y., M.D. Peiping Union Medical Col- 
lege, Peiping, China. Assistant in Pharma- 
cology. (3, 1941) 

Pangborn, Mary C., Ph.D. 20 Morris St., Albany, 
N. Y. Assistant Biochemist, New York State 
Department of Health, Division of Laboratories 
and Research. (2, 1941) 

Pappenheimer, Alwin M., Jr., Ph.D. 19th Medical 
General Laboratory, APO 5467, c/o Postmaster, 
San Francisco, Calif. Major, Sn.C., AUS. (2, 
1941; 6, 1938) 

Pappenheimer, Alwin M., M.D. 630 W. 168th St., 
New York City. Professor of Pathology, Colum- 
bia University. (4, 1922) 

Park, Edwards A.,M.D. Johns Hopkins Hospital, 
Baltimore, Md. Professor of Pediatrics, Johns 
Hopkins University. (4, 1923) ' 

Parker, George Howard, Sc.D. i6 Berkeley St., 
Cambridge, Mass. Professor of Zoology Emeri- 
tus, Harvard University; Member of the National 
Academy of Sciences. (1, 1900) 

Parker, Robert F., M.D. Lakeside Hospital, 
2065 Adelbert Rd., Cleveland, O. Associate 
Professor of Medicine. (4, 1942; 6, 1935) 

Parkins, William M., M.A., Ph.D. School of 
Medicine, University of Pennsylvania, Phila- 
delphia. Research Associate, Harrison Depart- 
ment of Surgical Research. (1, 1939) 

Parpart, Arthur K., Ph.D. Guyot Hall, Princeton 
University, Princeton, N. J. Associate Profes- 
sor of Physiology. (1, 1937) 

Parr, Leland W., Ph.D. The George Washington 
University School of Medicine, 1335 H St., N.W. 
Washington, D. C. Professor of Bacteriology. 
(4, 1940) 

Parsons, Helen T., M.S., Ph.D. University of 
Wisconsin, Madison. Professor of Home Econom- 
ics; In Chargeof Purnell Research in Nutrition, 
(2, 1929; 5, 1933) 

Parsons, Robert J.. M:D. University of Michi- 
gan, Ann Arbor. Assistant Professor of Path- 
ology. (4, 1939) 

Paschkis, Karl E., M.D. 1025 Walnut St., Phila- 
delphia, Pa. J. Ewing Mears Fellow in Physi- 
ology and Medicine, Jefferson Medical College; 
Chief Clinical Assistant, Endocrine Clinic, 
Jefferson Medical College Hospital. (1, 1942) 


University College of Medicine, 1512 St. Antoine 
St., Detroit, Mich. Research Professor of Physi- 
ology. (1, 1920) 

Paul, John R., M.D., A.M. 330 Cedar St., New 
Haven, Conn. Professor of Preventive Medicine, 
Yale University Medical School. (4, 1927; 6, 
1937) 

Pearce, John Musser, M.D. Long Island College 
of Medicine, Hoagland Laboratory, 335 Henry 
St., Brooklyn, N. Y. Associate Professor of 
Pathology. (4, 1942) 

Pearce, Louise, M.D. Rockefeller Institute for 
Medical Research, Princeton, N. J. Associate 
Member ‘in Pathology and Bacteriology. (3, 
1915; 4, 1925) j 

Pearcy, Frank, Ph.D.,M.D. 471 Park Ave., New 
York City. (1, 1928) 

Pearse, Herman E., M.D. School of Medicine 
and Dentistry, University of Rochester, Crit- 
tenden Blvd., Rochester, N. Y. Associate 
Professor of Surgery. (4, 1932) 

Pearson, Paul B., Ph.D. A & M College of Texas, 
College Station. Professor of Nutrition; Nutri- 
tionist, Agricultural Experiment Station. (2, 
1944; 5, 1940) 

Pease, Marshall C., Jr., M.D. 155 E. 62nd S8t., 
New York City. Clinical Professor of Pedi- 
atrics, New York Post-Graduaie Medical School 
and Hospital, Columbia University. (6, 1920) 

Pemberton, Ralph, M.S., M.D. University of 
Pennsylvania, Philadelphia. Professor of Medi- 
cine, Graduate School of Medicine. (5, 1933) 

Penfield, Wilder G., M.D., D.Se. McGill Uni- 
versity, Montreal, Que., Canada. Professor of 
Neurology and Neurosurgery. (1, 1932) 

Pennington, Mary Engle, Ph.D. 233 Broadway, 
New York 7, N. Y. Consultant in Connection 
with the Handling, Transportation and Storage 
of Perishables. (2, 1908) 

Peoples, S. Anderson, M.D. Baylor University 
College of Medicine, Houston, Texas. Professor 
of Pharmacology. (3, 1937) 

Perlzweig, William A., A.M., Ph.D. Box 3711, 
Duke Hospital, Durham, N. C. Professor of 
Biochemistry, Duke University; Biochemist, 
Duke Hospital. (2, 1924; 5, 1944) 

Permar, Howard H., M.D. Pathologic Labora- 
tories, Mercy Hospital, Pittsburgh, Pa. Direc- 
tor of Laboratories. (4, 1925) 

Peters, John P., M.D. 123 Marvel Road, New 
Haven 15, Conn. Sterling Professor of Medicine, 
Yale University. (2, 1922) 

Petersen, William F., M.D. 1322 Astor St., 
Chicago, Ill. Professor of Pathology, University 
of Illinois. (8, 1923; 4, 1923) 

Peterson, William H., A.M., Ph.D. Biochemistry 
Building, University of Wisconsin, Madison. 
Professor of Biochemistry. (2, 1919; 5, 1936) 
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Petroff, S. A., Ph.D., Sc.D. Sea View Hospital, 
West New Brighton, Staten Island, N. Y. 
Director of Bacteriology and Immunology. 
(6, 1926) 

Pett, L. B., M.D., Ph.D. Department of National 
Health and Welfare, Ottawa, Canada. Director. 
of Nutrition. (2, 1937) 

Peugnet, Hubert B., M.D. 4530 McPherson, 
St. Louis, Mo. Major, M.C. (1, 1938) 

Pfeiffer, Carl C., Ph.D., M.D. Naval Medical 
Research Institute, Bethesda, Md. Lieutenant, 
M.C., U.S.N.R. (8, 1938) 

Pfiffner, Joseph J., Ph.D. Research Laboratories, 
Parke, Davis & Co., Detroit 32, Mich. Research 
Chemist. (1, 1931; 2, 1931) 

Phatak, Nilkanth M., M.S., Ph.D. North Pacific 
College of Oregon, School of Dentistry, Portland. 
Associate Professor of Physiology, Pharmacology, 
and Research; and Instructor, Dept. of Phar- 
macology, University of Oregon Medical School, 
Portland. Captain, Sn. C. (8, 1941) 

Phillips, Paul H., Ph.D. University of Wisconsin, 
Madison. Professor of Biochemistry. (2, 1940; 
5, 1938) 

Phillips, Robert Allan, M.D. Rockefeller Insti- 
tute for Medical Research, New York City. 
Fellow. (1, 1938) 

Pick, Ernst Peter, M.D. 19 E. 98th St., New York 
City. Associate Pharmacologist to the Mt. 
Sinai Hospital; Clinical Professor of Pharma- 
cology in Columbia University. (3, 1940) 

Pierce, Harold B., M.S., Ph.D. College of Medi- 
cine, University of Vermont, Burlington. Pro- 
fessor and Head of Physiological Chemistry. 
(2, 1929; 5, 1983) 

Pierce, Harold Fisher, Ph.D., M.D. Old Farms 
Convalescent Hospital, Avon, Conn. Major, MC; 
Surgeon, Old Farms Hospital, ASF. (1, 1928) 

Pierce, Ira H., M.S., Ph.D. Univ. of Iowa, Iowa 
City. Associate Professor of Pharmacology. 
(3, 1933) 

Pike, Frank H., Ph.D. 630 W. 168th St., New 
York City. Associate Professor of Physiology, 
Columbia University. (1, 1907) 

Pilcher, J. Douglas, M.D. City Hospital, Scran- 
ton Road, Cleveland, O. Associate Professor of 
Pediatrics, Western Reserve Medical School. 
(1, 1912; 3, 1911) 

Pillemer, Louis, Ph.D. The Gilliland Laboratories, 
Inc., Marietta, Pa. (6, 1942) 

Pincus, Gregory, M.S., Sc.D. Clark University, 
Worcester, Mass. Visiting Professor of Experi- 
mental Zoology. (1, 1935) 

Pinkerton, Henry, M.D. St. Louis University 
School of Medicine, St. Louis, Mo. Professor of 
Pathology. (4, 1931) 

Pinkston, James O., Ph.D. 6627 Heartwood Dr., 
Oakland, Calif. Professor of Pharmacology, 
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School of Medicine, American University of 
Beirut. (1, 1936; 3, 1939) 

Pinson, Ernest A., Ph.D.* Biophysics Branch, 
Aeromedical Laboratory, Wright Field, Dayton, 
O. Major, Air Corps. (1, 1943) 

Pittman, Martha S., A.M., Ph.D. Kansas State 
College, Manhattan. Head of Department of 
Food Economics and Nutrition. (5, 1933) 

Pitts, Robert F., Ph.D., M.D. Cornell Medical 
Center, 1300 York Ave., New York City. Asso- 
ciate Professor of Physiology. (1, 1934) 

Plass, Everett D., M.D. University Hospital, 
Iowa City, Iowa. Professor and Head of De- 
partment of Obstetrics and Gynecology, State 
University of Iowa. (2, 1922) 

Plotz, Harry, M.D. Army Medical Center, Army 
Medical School, Washington, D. C. Colonel, Chief 
of the Division of Virus and Rickettsial Diseases; 
Chief of Service, Pasteur Institute, Paris, France. 
(6, 1917) 

Pohlman, Augustus G., M.D. 4056 Farmouth Dr., 
Los Angeles, Calif. Associate Clinical Professor, 
Department of Otolaryngology, University of 
Southern California School of Medicine. (1, 
1934) 

Pollack, Herbert, Ph.D., M.D. 598 Madison Ave., 
New York City 22. Associate in Medicine cnd 
Physician in Charge of Metabolism Clinics, Mt. 
Sinai Hospital. (1, 1933; 5, 1935) 

Pomerat, Charles Marc, Ph.D.* University of 
Texas Medical School, Galveston. Professor of 
Anatomy. (1, 1944) 

Pond, Samuel E., A.M., Ph.D. 400 S. Main St., 
East Hartford, Conn. Consulting Engineer, P. 
and W. A. Division, United Aircraft Corp. (1, 
1924) 

Ponder, Eric, M.D., Sc.D. The Nassau Hospital, 
Mineola, Long Island, N.Y. (1, 1931) 


College of Medicine, 1825 W. Harrison S&t., 
Chicago. Director of Laboratories and of the Hek- 
toen Institute for Medical Research of Cook 
(4, 1942) 


Popper, Hans, Ph.D., M.D. University of Illinois 


County Hospital. 


Texas, Medical Branch, Galveston. 
Physiology. (1, 1913) 

Porter, Thelma, University of Chicago, Chicago, 
Ill. Prof. and Head of Department of Home 
Economics. (5, 1944) 

Porter, William Townsend, M.D., Sc.D., LL.D. 
Dover, Mass. Professor Emeritus of Compara- 
tive Physiology, Harvard University. (1, 1891) 

Potter, Truman S., M.D. Dartmouth Medical 
School, Hanover, N.H. (6, 1939) 

Potter, Van Rensselaer, M.S., Ph.D. McArdle 
Memorial Laboratory, University of Wisconsin 
Medical School, Madison. Assistant Professor of 
Oncology. (2, 1941) 


Professor of 
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pone Olga R., M.D., D.P.H. 2385 Ev 22nd 
St., New York City. Bacteriologist, Bureau of 
Laboratories, New Yogk City Department of 
Health. (6, 1920) 

fowell, Horace M., Sc.D. 5565 Washington 
Blvd., Indianapolis, Ind. Bacteriologist, Eli 
Lilly & Co. (6, 1934) 

lower, Marschelle H., M.S., Ph.D. Mayo Clinic, 
Rochester, Minn. Associate Professor of Physi- 
ological Chemistry, Mayo Foundation, Univer- 
sity of Minnesota. (2, 1982) 

ratt, Frederick H., A.M., M.D. Wellesley Hills 
82, Mass. Professor of Physiology, Emeritus, 
Boston University School of Medicine. (1, 1919) 
ratt, Joseph H., A.M., M.D. Sc.D. New England 
Medical Center, 25 Bennet St., Boston, Mass. 
Physician-in-Chief, Boston Dispensary, and 
Joseph H. Pratt Diagnostic Clinic; Professor of 
Clinical Medicine, Tufts Medical School. (1, 
1910; 3, 1910; 4, 1927) 

reisler, Paul W., M.S., Ph.D. 3420 Longfellow 
Blvd., St. Louis, Mo. Major, Sn.C., Brooke 
General Hospital, Fort Sam Houston, Texas. 
(On leave, Washington Univ. Medical School.) 
(2, 1931) 

rinzmetal, Myron, M.A., M.D. 2007 Wilshire 
Blvd., Los Angeles, Calif. Instructor in Medi- 
cine and Lecturer in Physiology, University of 
Southern California Medical School. (3, 1941) 
rosser, C. Ladd, Ph.D. University of Illinois, 
Urbana. Associate Professcr of Physiological 
Zoology. (1, 1935) 

fucher, George W., Ph.D. Connecticut Agri- 
New Haven. 
Research Associate. (2, 1927) 

furestow, Charles B., M.D., M.S., Ph.D. Uni- 


"Iversity of Illinois, College of Medicine, 1853 


W. Polk St., Chicago. Assistant Professor of 
Surgery. Lt. Col. (MC) AUS. (1, 1934) 

fugsley, Leonard I., Ph.D. Department of 
Pensions and National Health, Laboratory of 
Hygiene, Ottawa, Canada. Pharmacologist. 
(2, 1937) 

een, Frank B., M.D. Passavant Memorial 
Hospital, Chicago, Ill. Assistant Professor of 





48°: 1 Pathology, Northwestern University Medical 
ome} School; Assistant Director, Patterson Cancer 
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ara 


Clinic of Northwestern University Medical School, 
and Director, Patterson Laboratory for Cancer 


1). Research, Passavant Memorial Hospital; Direc- 


licalf’07 0f Laboratories, Passavant Memorial Hos- 
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pital. (4, 1941) 

ick, Armand J., M.D., Ph.D. 561 N. 15th St., 
Milwaukee, Wis. Associate Professor of Phar- 
macology, Marquette Medical School. (2, 1932; 
3, 1937) 
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Quigley, J. P., Ph.D. Western Reserve Univer- 
sity, Cleveland, O. Professor of Gastro-Intesti- 
nal Physiology. (1, 1929) 

Quinby, William Carter, M.D. Peter Bent Brig- 
ham Hospital, Boston, Mass. Clinical Professor 
of Genito-urinary Surgery, Harvard Medical 
School. (1, 1916) 

Quinn, Edmond John, Ph.D. 106 N. Lee Ave., 
Rockville Center, Long Island, N. Y. Medic- 
inal Sales Division, Merck & Co., Inc., Rahway, 
N.J. (2, 1927; 5, 1983) 

Rabinowitch, I. M., D.Sc., M.D., C.M., F.R.C.P., 
F.A.C.P. 1020 Medical Arts Bldg., Sherbrooke 
and Guy Sts., Montreal 25, Canada. Associate 
Professor of Medicine and Lecturer in Biochemis- 
try, McGill University; Director, Department of 
Metabolism, Montreal General” Hospital. (2, 
1928 ; 5, 1933) 

Rackemann, Francis M., M.D. 263 Beacon St., 
Boston, Mass. Physician, Massachusetts Gen- 
eral Hospital; Lecturer in Medicine, Harvard 
Medical School. (6, 1923) 

Raffel, Sidney, Sc.D., M.D. Department of 
Bacteriology and Experimental! Pathology, Stan- 
ford University, Calif. Assistant Professor. 
(6, 1938) 

Rahn, Hermann, Ph.D.* University of Rochester 
School of Medicine and Dentistry, Rochester, N. 
Y. Instructor in Physiology. (1, 1944) 

Raiziss, George W., Ph.D. 1720 Lombard St., 
Philadelphia, Pa. Professor of Chemotherapy, 
Graduate School of Medicine, and Director, 
Dermatological Research Laboratory, University 
of Pennsylvania. (2, 1913) 

Rake, Geoffrey W., M.B., M.R.C.8S., L.R.C.P. 
Division of Microbiology, The Squibb Institute 
for Medical Research, New Brunswick, N. J. 
Head, Division of Microbiology. (6, 1939) 

Rakestraw, Norris W., A.M., Ph.D. Brown 
University, Providence, R. I. Professor of 
Chemistry. (2, 1925) 

Rakieten, Nathan, Ph.D. Cheplin Biological 
Laboratories, Syracuse, N. Y. Penicillin Unit. 
(1, 1941) 

Ralli, Elaine P., M.D. 477 First Ave., New York 
City. Associate Professor of Medicine, New 
York University College of Medicine. (1, 1934; 
5, 1933) 

Ralls, James O., Ph.D. 24 High St., Buffalo, N. Y. 
Assistant Professor of Biological Chemistry, 
University of Buffalo School of Medicine. (2, 
1944) ~ 

Rammelkamp, Charles H., M.D. Commission on 
Acute Respiratory Diseases, Station Hospital, 
Section 2, Fort Bragg, N. C. Instructor of Medi- 
cine, Boston University Medical School (on 
leave); Consultant to the Secretary of War. (6, 
1943) 
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Ramsey, Robert Weberg, M.S., Ph.D. Medical 
College of Virginia, Richmond. Associate Pro- 
fessor of Physiology and Pharmacology. (1, 
1939) 

Randall, Lowell O., Ph.D. Burroughs Wellcome 
Co., Tuckahoe, N. Y. Pharmacologist. (2, 1939) 

Randall, Walter C., M.S., Ph.D.* St. Louis Uni- 
versity, School of Medicine, 1402 8S. Grand Blvd., 
St. Louis, Mo. Instructor in Physiology. (1, 1943) 

Rane, Leo, Ph.D. Lederle Laboratories, Inc., 
Pearl River, N. Y. Depariment Head, Normal 
Blood Plasma. (6, 1942) 

Rapoport, Samuel, M.D., Ph.D. The Children’s 
Hospital Research Foundation, Elland and 
Bethesda, Cincinnati, O. Research Associate. 
(2, 1941) 

Rapport, David, M.D. 416 Huntington Ave., 
Boston, Mass. Professor of Physiology, Tufts 
College Medical School. (1, 1922) 

Rasmussen, Andrew Theodore, Ph.D. Univer- 
sity of Minnesota Medical School, Minneapolis. 
Professor of Neurology. (1, 1919) 

Ratner, Bret, M.D. New York University Col- 
lege of Medicine, 50 E. 78th St., New York City. 
Professor of Pediatrics. (4, 1940; 6, 1928) 

Ratner, Sarah, Ph.D. Dept. of Medicine, College 
of Physicians and Surgeons, Columbia University, 
630 W. 168th St., New York City. Associate in 
Biochemistry. (2, 1944) 


Raulston, B. O., M.D. 200 S. Hudson Ave., Los 
Angeles, Calif. Professor of Medicine, Director 
of Clinical Teaching, and Associate Dean, the 
University of Southern California, School of 


Medicine. (38, 1942) 

Ravdin, I. S., M.D. University of Pennsylvania 
School of Medicine, Philadelphia. Harrison 
Professor of Surgery; Surgeon, Hospital of the 
University of Pennsylvania. (1, 1930; 4, 1930) 

Ray, George B., A.M., Ph.D. Long Island Col- 
lege of Medicine, 350 Henry St., Brooklyn, 
N. Y. Professor of Physiology and Pharma- 
cology. (1, 1924) 

Raymond, Albert L., Ph.D. G. D. Searle & Co., 
P. O. Box 5110, Chicago 80, Ill. Director of Re- 
search. (2, 1932) 

Reback, John F., M.S. 402 E. Dubail Ave., South 
Bend, Ind. Research Fellow, Laboratories of Bac- 
teriology, University of Notre Dame. (6, 1943) 

Redfield, Alfred C., Ph.D. Woods Hole, Mass. 
Professor of Physiology, Harvard University. 
(1, 1919) 

Reed, Carlos Isaac, A.M., Ph.D. College of 
Medicine, University of Illinois, 1853 W. Polk 
St., Chicago. Professor of Physiology. (I, 
1923) 

Reed, Howard S., Ph.D. 3048 Life Sciences 
Bldg., University of California, Berkeley. 
Professor of Plant Physiology. (2, 1909) 
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Rees, Maurice Holmes, A.M., Ph.D., M.D. 
University of Colorado School of Medicine, 
Denver. Professor of Physiology and Phar. 
macology; Dean of the University of Colorad 
School of Medicine and Hospitals. (1, 1922) 

Reid, Marion Adelaide, A.M., Ph.D. 80 E. 
Concord St., Boston, Mass. Instructor in 
Physiology, Boston University. (1, 1941) 

Reimann, Hobart A., M.D. Jefferson Hospital, 
Philadelphia, Pa. Professor of Medicine, Jef. 
ferson Medical College (4, 1933) 

Reimann, Stanley P., M.D., Sc.D. 703 W. Phil- 
Ellena St., Mount Airy, Philadelphia, Pa, 
Director of the Research Institute of the Lankenau 
Hospital; Associate Professor of Surgical Pathol- 
ogy, Graduate School of Medicine, University of 
Pennsylvania; Professor of Oncology, Hahre- 
mann Medical College and Hospital, Philadel 
phia. (1, 1921; 4, 1924) © 

Reiner, Laszlo, M.D., Ph.D. 165 Franklin St., 
Bloomfield, N. J. Research Department, Wallac 
& Tiernan Company. (2, 1942; 6, 1933) 

Reinhold, John G., M.S., Ph.D. Philadelphisgl 
General Hospital, 34th St. and Curie Ave. ? 
Philadelphia, Pa. Chief Biochemist; Instructo 
in Physiological Chemistry, University of Pen 
sylvania. (2, 1936) 

Remington, John W., M.S., Ph.D.* University o 
Georgia, School of Medicine, Augusta. Assistanl 
Professor of Physiology. (1, 1943) 

Remington, Roe E., M.A., Ph.D., D.Sc. 69 Atlanti@y 
Coastal Highway, Charleston, 8. C. Consultant 
(2, 1930; 5, 1934) 

Renfrew, Alice G., Ph.D. Mellon Institute ol 
Industrial Research, University of Pittsburgh, 
Pittsburgh, Pa. Fellow, Department of Researe 
in Pure Chemistry. (2, 1939) 

Renshaw, Birdsey, M.A., Ph.D. Oberlin College 
Oberlin, O. Assistant Professor of Physiology 
(1, 1941) 3 

Reynolds, Chapman, M.D. Louisiana State Uni 
versity, School of Medicine, New Orleans. Assist 
ant Professor of Pharmacology. (3, 1937) 

Reynolds, Samuel R. M., Ph.D. School of Aviation 
Medicine, Randolph Field, Texas. Captain, A US. 
Research Associate, Department of Embryology 
Carnegie Institution of Washington. (1, 1932) &, 

Reznikoff, Paul, M.D. New York Hospital, 524 
E. 68th St., New York City. Associate Pro 
fessor of Clinical Medicine, Cornell Universit 
Medical College. (1, 1927) 

Rhoads, Cornelius Packard, M.D. Memoria 
Hospital, 444 E. 68th St., New York City, 
Director. (4, 1930) 

Rice, Christine E., M.A., Ph.D. Department off 
Bacteriology, Queen’s University, Kingston 
Ontario, Canada. (6, 1938) 
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‘BRice, James C., A.M., Ph.D. University of Mis- 
sissippi, P. O. Box 475, University. Professor of 
Pharmacology. (3, 1941) 

Rich, Arnold Rice, M.D. Johns Hopkins Hos- 
pital, Baltimore, Md. Associate Professor of 
Pathology, Johns Hopkins University. (4, 
1924) 

Richards, Alfred N., A.M., Ph.D., Sc.D., M.D. 
(hon.),, LL.D. University of Pennsylvania 
Medical School, Philadelphia. Professor of 
Pharmacology and Vice-President in Charge of 
Medical Affairs; Member, National Academy of 

itil Sciences. (1, 1900; 2, 1906; 3, 1909) 

hol. Qtichards, Oscar W., M.A., Ph.D. Research 
Department, Spencer Lens Co., 19 Doat St., 

al Buffalo, N. Y. Research Biologist. (1, 1934) 

de @eichards, Richard Kohn, M.D. Abbott Labora- 
tories, North Chicago, Ill. Director, Pharma- 
cologic Research. (1, 1938) 

"BRichardson, Arthur P., M.D. Squibb Institute for 
Medical Research, New Brunswick, N. J. Head, 

.m Division of Pharmacology. (3, 1939) 

Richardson, Luther R., Ph.D. University of 
"B Missouri, Columbia. Instructor in Agricultural 
Chemistry. (5, 1942) 

Richter, Curt P., Ph.D. Phipps Psychiatric 
Clinic, The Johns Hopkins Hospital, Baltimore, 
Md. Associate Professor of Psycho-biology, 
Johns Hopkins University. (1, 1924) 

Richter, Maurice N., M.D. 303 E. 20th St., 
New York City. Professor of Pathology, Col- 
umbia University, New York Post-Graduate 

@ Medical School; Ditector, Department of Path- 
ology, New York Post-Graduate Medical School 
and Hospital. (4, 1931) 
hicketts, Henry T., M.D. Dept. of Medicine, 
University of Chicago, Chicago, Ill. Associate 
Professor of Medicine. (1, 1940) 
hiddle, Oscar, Ph.D. Cold Spring Harbor, L. I., 

iN. Y. Resident Staff, Carnegie Station for 
Experimental Evolution; Member of the National 
Academy of Sciences. (1, 1919) 
egel, Byron, A.M., Ph.D. Department of 
Chemistry, Northwestern University, Evanston, 
Ill. Associate Professor. (2, 1942) 

Riegel, Cecilia, M.S., Ph.D. Room 563, Uni- 
versity Hospital, Philadelphia, Pa. Research 
Associate, Department of Research Surgery, 
University of Pennsylvania School of Medicine. 
(2, 1938) 
es, Ferd A., M.D. 300 E. Nortn Ave., Balti- 
more, Md. Instructor in Neurology, Johns 
Hopkins University. (1, 1983) 
igdon, R. H., M.D. Univ. of Arkansas School of 
Medicine, Little Rock. Associate Professor of 
Pathology. (4, 1941) 


Riggs, Lloyd K., Ph.D. % Kraft Cheese Co., 
500 Peshtigo Court, Chicago, Ill. Director of 
Research. (2, 1929) 

Rinehart, James F., M.D. University of Cali- 
fornia Medical School, Parnassus and Third 
Aves., San Francisco. Professor of Pathology 
and Medicine. (4, 1933) 

Ring, Gordon C., M.A., Ph.D. Box 616, Tomb- 
stone, Ariz. Captain, Medical Corps. (1, 1933) 
Rioch, David McKenzie, M.D. Washington Uni- 
versity School of Medicine, St. Louis, Mo. 
Professor of Neurology and Head of the Depart- 

ment of Neuropsychiatry. (1, 1931) 

Rittenberg, David, Ph.D. 630 W. 168th St., 
New York City. Assistant Professor, College of 
Physicians and Surgeons, Columbia University. 
(2, 1939) 

Ritzman, E. G., A.M., Science (hon.). Univer- 
sity of New Hampshire, Durham. Research 
Professor. (5, 1933) 

Rivers, T. M., M.D., Sc.D. The Hospital of the 
Rockefeller Institute for Medical Research, 
66th St. and York Ave., New York City. Direc- 
tor of the Hospital; Member of the National 
Academy of Sciences. (4, 1925; 6, 1921) 

Robb, Jane Sands, Sc.D., M.D. College of Medi- 
cine, Syracuse University, 761 Irving Ave., 
Syracuse, N. Y. Associate Professor of Phar- 
macology. (1, 1924) 

Robbins, Benjamin Howard, M.S.,M.D. Vander- 
bilt Univ. School of Medicine, Nashville, Tenn. 
Associate Professor of Pharmacology. (3, 1936) 

Roberts, Edward F., M.D., Ph.D. Fourth Service 
Command, Medical Laboratory, Fort McPherson, 
Ga. (6, 1932) 

Roberts, Lydia J., Ph.D. University of Chicago, 
Chicago, Ill. Professor and Chairman of De- 
partment of Home Economics. (5, 1933) 

Robertson, Elizabeth Chant, M.D., M.A., Ph.D. 
University of Toronto, Toronto, Canada. Re- 
search Fellow in Paediatrics. (5, 1939) 

Robertson, Oswald H., M.D. University of 
Chicago, Chicago, Ill. Professor of Medicine. 
(4, 1932) 

Robinson, Charles Summers, Ph.D. Medical 
School, Vanderbilt University, Nashville, Tenn. 
Professor of Biochemistry. (2, 1925) 

Robinson, Elliott S., M.D., Ph.D. 3034 S. 
Buchanan St., Arlington, Va. Li. Col.,M.C. (6, 
1935) 

Robinson, G. Canby, M.D., Sc.D., LL.D. Johns 
Hopkins Hospital, Baltimore, Md. Lecturer in 
Medicine, Johns Hopkins University. (1, 1912; 
3, 1921) 

Robinson, George Henry, Ph.D. 320 E. North 
Ave., N. S., Pittsburgh, Pa. Bacteriologist, 
Wm. H. Singer Research Laboratory and Alle- 
gheny General Hospital; Lecturer in Bacteriology, 
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University of Pittsburgh School of Medicine. 
(4, 1930) 

Robinson, Howard W., M.S., Ph.D. Broad and 
Ontario Sts., Philadelphia, Pa. Professor of 
Physiological Chemistry, Temple University 
School of Medicine. (2, 1929) 

Robinson, Sid, Ph.D. Indiana University Medical 
School, Bloomington. Associate Professor of 
Physiology. (1, 1941) 

Robscheit-Robbins, F. S., Ph.D. University of 
Rochester School of Medicine and Dentistry, 
Rochester, N. Y. Associate in Pathology. (Il, 
1925; 4, 1930) 

Rodbard, Simon, Ph.D. Altitude Training Unit 
KAAF, Kingman, Ariz. 2nd Lt. Air Corps. (1, 
1942) 

Roe, Joseph Hyram, M.A., Ph.D. George Wash- 
ington University School of Medicine, Wash- 
ington, D. C. Professor of Biochemistry. 
(2, 1927; 5, 1933) 

Roeder, Kenneth D., M.A. Tufts College, Med- 
ford, Mass. Associate Professor of Biology. 
(1, 1942) 

Roepke, Martin Henry, Ph.D. University Farm, 
St. Paul, Minn. Professor, Veterinary Medi- 
cine. (3, 1937) 

Rogers, Charles G., A.M., Ph.D., Sc.D. Oberlin 
College, Oberlin, O. Professor of Comparative 
Physiology. (1, 1911) 

Rogers, Fred T., A.M., Ph.D., M.D. Dallas 
Medical and Surgical Clinic, 4540 Bordeaux Ave., 
Dallas, Texas. (1, 1917) 

Rogoff, Julius M., Ph.G., M.D., Sc.D. School of 
Medicine, University of Pittsburgh, Pittsburgh, 
Pa. Professor of Endocrinology. (1, 1916; 
3, 1916) 

Ronzoni, Ethel, M.A., Ph.D. Washington Uni- 
versity Medical School, St. Louis4, Mo. Assist- 
ant Professor of Biological Chemistry. (2, 1923) 

Root, Howard F., M.D. 44 Dwight St., Brookline, 
Mass. Instructor in Medicine, Harvard Medical 
School. (5, 1933) 

Root, Walter S., Ph.D. College of Physicians and 
Surgeons, Columbia University, 630 W. 168th 
St., New York City. Associate Professor of 
Physiology. (1, 1932) 

Rosahn, Paul D., M.D. 92 Grand St., New Britain, 
Conn. Pathologist, New Britain General Hos- 
pital; Assistant Clinical Professor of Pathology, 
Yale University School of Medicine, New Haven. 
(4, 1934) 

Rose, Anton Richard, M.S., Ph.D. Box 176, 
Edgewater, N. J. Biochemist, Prudential In- 
surance Company of America. (2, 1916; 5, 1933) 

Rose, William C., Ph.D. University of Illinois, 
Urbana. Professor of Biochemistry and Acting 
Head of the Chemistry Department; Member 
National Academy of Sciences. (2, 1912; 5, 
1933) 
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Rosenblueth, Arturo, M.D. Instituto Nacional de §, 
Cardiologia, Mexico D.F., Mexico. (1, 1932) 
Rosenfeld, Morris, M.D. Johns Hopkins School 
of Medicine, Baltimore, Md. Associate inf, 
Pharmacology and Experimental Therapeutics. 

Captain, M.C. (3, 1934) 

Rosenow, Edward C., M.D., hon. LL.D. and D.Sc. 
California Institute of Technology, Pasadena 9. 
(4, 1913; 6, 1915) 

Rosenthal, Sanford M., M.D. National Institute 
of Health, Washington, D. C.° Senior Phar. 
macologist,, U. S. Public Health Service. (3,By 
1925) 

Rosenthal, S. R., M.D., Ph.D. University of 
Illinois College of Medicine, Chicago. As- 
sistant Professor of Bacteriology and Public 
Health in Dept. of Pathology and Bacteriology; 
Director, Tice Laboratory for B. C. G. Vaccina- 
tion against Tuberculosis, Municipal Tubercu- 
losis Sanatorium. (4, 1941) 

Ross, Joseph F., M.D. The Robert Dawson Evans 
Memorial, 65 E. Newton St., Boston, Mass. 
Member of the Department; Physician, Massa- 
chusetts Memorial Hospital; Assistant Professor 
of Medicine, Boston University School of Medi- 
cine; Welch Fellow of Internal Medicine of thé 
Division of Medical Sciences of the Nationa 
Research Council. (4, 1941) 

Ross, William F., Ph.D. Shell Oil Company, 100 

























Bush St., San Francisco, Calif. Chief Research tyra) 
Chemist. (2, 1940) sity, 
Roth, George B., M.D. 1335 H St., N.W., Wash@ and 





ington, D. C. Professor of Physiology an 
Pharmacology, George Washington Universityfhy 
School of Medicine. (1, 1914; 3, 1911) 

Roth, Grace M., M.S., Ph.D. Mayo Clinic 
Rochester, Minn. Associate in Clinical Physiff 










ology. (1, 1939) 

Roth, Paul, M.D. Battle Creek Sanitarium 
Battle Creek, Mich. Director of Physica 
Therapy. (1, 1929; 5, 1933) 






Rothemund, Paul W. K., Dipl.-Ing., Dr.-Ing 
(Munich). Antioch College, Yellow Springs 
O. Associate Professor of Biochemistry, and 
Research Chemist, The C. F. Kettering Foundog 
tion, Antioch College; Associate Professo 
(Non-resident), Department of Chemistry, Ohi 
State University. (2, 1940) 

Rous, Peyton, M.D.,Sc.D. Rockefeller Institu 
for Medical Research, York Ave. at 66th St. 
New York City. Member; Member of the Na 
tional Academy of Sciences. (4, 1913) 

Routh, Joseph I., M.S., Ph.D. Chemistry De 
partment, State University of Iowa, Iowa CityyF 
Assistant Professor of Biochemistry. (2, 1942 

Rovenstine, Emery Andrew, M.D. 477 First Ave 
New York, N. Y. Professor of Anesthesia, Ne 
York University; Director, Division of Anes 
thesia, Bellevue Hospital (3, 1944) 
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wwntree, Jennie I., M.S., Ph.D. University of 
Washington, Seattle. Professor of Home Eco- 
nomics. (5, 1933) 

wwntree, L. G., M.D., Sc.D., F.A.C.P. Temp. ad- 
dress : 4701 Connecticut Ave., N.W., Washington, 
D. C.Director, Philadelphia Institute for Medical 
Research; Colonel, Medical Reserve; Research 
Clinician, Philadelphia General Hospital; Chief, 
Medical Division, Selective Service, National 
Headquarters, Washington, D.C. (1, 1911; 2, 1910; 
-83, 1908; 4, prior to 1920; 5, 1933) 

ubenstein, Boris B., M.A., M.D., Ph.D. Edge- 
wood Arsenal, Edgewood, Md. Captain, Tozi- 
cology Lab. (1, 1934) 

-Bubin, Morton A., Ph.D. 3732 Gunston Rd., Alex- 
andria, Va. Captain, Signal Corps, Office of the 
Chief Signal Officer, Military Personnel Division, 
Washington, D.C. (1, 1940) 

“Buch, Theodore C.,M.A., Ph.D. Yale University 
School of Medicine, New Haven, Conn. As- 
sistant Professor of Physiology. (1, 1933) 
‘Busch, Harold Paul, M.D. University of Wis- 
‘Bconsin Medical School, McArdle Memorial 
Laboratory, Madison. Associate Professor of 
B Oncology. (4, 1940) 

ussell, Jane A., Ph.D. Yale University School 
of Medicine, 333 Cedar St., New Haven, Conn. 
Instructor in Physiological Chemistry. (1, 1939) 


ussell, Walter C., Ph.D. New Jersey Agricul- 
tural Experiment Station and Rutgers Univer- 


sity, New Brunswick. Biochemist in Nutrition 
and Professor of Agricultural Biochemistry. 
(2, 1932; 5, 1933) 
yan, Andrew Howard, M.D. Dept. of Physiology 
and Pharmacology, Chicago Medical School, 710 

$. Wolcott Ave., Chicago, Ill. (1, 1912) 
iPabin, Florence R., M.D., Sc.D. 1333 E. 10th 
Ave., Denver, Colo. Member Emeritus of the 
Rockefeller Institute; Member of the National 
Academy of Sciences. (1, 1923) 
lachs, Ernest, M.D. 97 Arundel Pl., St. Louis, 
Mo. Professor of Clinical Neurological Surgery, 
Washington University Medical School. (1, 
1910) 
lacks, Jacob, Ph.D., M.D. Endo Products, Inc., 
@ 84-40, 101st St., Richmond Hill, N. Y. Pharma- 
Ecologist. (3, 1933) 

h, Peter P. T., M.S., Ph.D. Department of 
Chemistry, Fu Jen University, Peiping, China; 
Il Professor of Chemistry; Lecturer in Pharma- 
cology, Peiping Union. Medical College. (3, 
1m 1941) 

Mhyun, Melville, A.M.,Ph.D. Frederick Stearns 
& Co., 6533 E. Jefferson St., Detroit, Mich. 
Director of Research. (2, 1932) 

mon, W. D., A.M. Alabama Polytechnic 
Animal Nutritionist. (2, 
1929; 5, 1933) - 
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Salter, William T., M.D. Yale School of Medi- 
cine, 333 Cedar St., New Haven, Conn. Pro- 
fessor of Pharmacology. (1, 1933; 3, 1942; 5, 
1934) 

Sammis, Florence E., M.D. 30 E. 76th St., New 
York City. (6, 1943) 

Sampson, John J., M.D. 490 Post St., San 
Francisco, Calif. Associate Clinical Professor of 
Medicine, University of California Medical 
Schooi. On leave: Major, (MC), Birmingham Gen- 
eral Hospital, Van Nuys, Calif. (1, 1932) 

Sampson, Myra, A.M., Ph.D. Smith College, 
Northampton, Mass. Professor and Chairman 
of Department of Zoology. (5, 1935) 

Samuels, Leo T., Ph.D. University of Utah Medi- 
cal School, Salt Lake City. Professor and Head 
of Dept. of Biochemistry. (2, 1941; 3, 1937) 

Sandels, Margaret R., A.M., Ph.D. Florida 
State College for Women, Tallahassee. Dean of 
School of Home Economics; Professor of Nutri- 
tion. (5, 1933) 

Sandiford, Irene, Ph.D. Billings Hospital, Uni- 
versity of Chicago, Chicago, Ill. Assistant 
Professor of Medicine. (2, 1925; 5, 1933) 

Sandweiss, David J., M.D.* 9739 Dexter Ave., 
Detroit, Mich. Instructor in Clinical Medicine, 
Wayne University College of Medicine; Physi- 
cian, Harper Hospital (OPD); Attending Physi- 
cian Gastroenterology and Gastroscopy, North 
End Community Fund Clinic. (1, 1944) 

Sanford, Arthur H., A.M.,M.D. Clinical Labora- 
tories, Mayo Clinic, Rochester, Minn. Head, 
Division of Clinical Laboratories. (6, 1920) 

Santos, Francisco O., M.S., Ph.D. University of 
the Philippines, Los Banos, Laguna. Professor 
and Head of Department of Agricultural Chemis- 
try, College of Agriculture. (5, 1936) 

Saphir, Otto, M.D. Michael Reese Hospital, 
29th St. and Ellis Ave., Chicago 16, Ill. Path- 
ologist, Michael Reese Hospital; Professor of 
Pathology, University of Illinois Medical School. 
(4, 1927) 

Sappington, Samuel W., M.D., D.Sc. P. O. Box 81, 
Bryn Mawr, Pa. Professor of Pathology, Hahne- 
mann Hospital. (6, 1913) 

Saslow, George, Ph.D., M.D. Department of 
Neuropsychiatry, Washington University Medi- 
cal School, 640 South Kingshighway, St. Louis, 
Mo. Assistant Professor of Psychiatry. (1, 1936) 

Satterfield, George H., A.M. State College of 
Agriculture and Engineering, University of 
North Carolina, Raleigh. Professor of Biochem- 
istry. (2, 1944; 5, 1941) 

Saul, Leon Joseph, M.A., M.D. Sanders Rd., 
North Brook, Ill. (1, 1933) 

Saunders, Felix, Ph.D. 231 Playa del Sur, La 
Jolla, Calif. (2, 1938) 
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Sawyer, Margaret E. MacKay, M.A., Ph.D. 142 
Lower Albert St., Kingston, Ontario, Canada. 
(1, 1935) 

Sawyer, Wilbur A., M.D., 4612 Drummond Ave., 
Chevy Chase, Md. Director of Health, United 
Nations Relief and Rehabilitation Administra- 
tion. (4, 1980; 6, 1935) 

Saxton, John A., Jr., M.D. Snodgrass Laboratory 
of Pathology and Bacteriology, 1426 Carroll St., 
St. Louis, Mo. Assistant Professor of Pathology, 
Washington University School of Medicine; 
Assistant Professor of Pathology and Bacteriol- 
ogy, Washington University School of Dentistry; 
Medical Director, Pathology, Hospital Division, 
City of St. Louis. (4, 1944) 

Scammon, Richard E., M.A., Ph.D. 172 S. E. 
Bedford St., Minneapolis, Minn. Distinguished 
Service Professor in the Graduate School, Uni- 
versity of Minnesota. (1, 1923) 

Schales, Otto, D.Sc. Ochsner Clinic, Prytania and 
Aline Sts., New Orleans, La. Director of Chemical 
Research, Ochsner Foundation; Director of the 
Biochemical Laboratory, Ochsner Clinic. (2, 
1944) 

Scharles, Frederick H., M.D. 
Kansas City, Mo. (5, 1935) 

Schattenberg, Herbert John, M.S., M.D. Bureau 
of Laboratories, Medical and Surgical Memoria] 
Hospital, 205 Camden St., San Antonio, Texas. 
Director. (4, 1940) 

Schenken, John R., M.D. Louisiana State Uni- 
versity School of Medicine, New Orleans. 
Professor of Pathology and Bacteriology. (4, 
1942) 

Scherp, Henry W., M.S., Ph.D. University of 
Rochester Medical School, 260 Crittenden Blvd., 
Rochester, N. Y. Assistant Professor of Im- 
munochemistry. (6, 1940) 

Schick, Bela, M.D. 17 E. 84th St., New York 
City. Pediatrician, Mt. Sinai Hospital. (6, 
1924) 

Schiffrin, Milton J.,* M.S., Ph.D. Captain, Alti- 
tude Training Section, WWAAB, Walla Walla, 
Wash. (1, 1943) 

Schlenk, Fritz, Ph.D. University of Texas; M. D. 
Anderson Hospital of Cancer Research, Houston. 
Biochemist. (2, 1942) 

Schlesinger, M. J., Ph.D., M.D. Beth Israel 
Hospital, 330 Brookline Ave., Boston, Mass. 
Associate in Pathology, Harvard Medical School; 
Director of Pathology, Beth Israel Hospital. 
(4, 1942; 6, 1921) 

Schlomovitz, Benjamin H., M.D. 1210 Majestic 
Bldg., 231 W. Wisconsin Ave., Milwaukee, Wis. 
Director, Clinical and Research Laboratory, 
Veterans Administration Hospital, Wood, Wis- 
consin. (1, 1919) 


1405 Bryant Bldg., 
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Schmeisser, Harry C., M.D. University . 
Tennessee, Memphis. Professor of Pathologt _ 
(4, 1937) of 












Schmidt, Carl F., M.D, Medical School, Ung 
versity of Pennsylvania, Philadelphia. Pr 
fessor of Pharmacology. (1, 1929; 3, 1924) 

Schmidt, Carl L. A., M.S., Ph.D. 1557 Life Scienc@l 
Bldg., University of California, Berkeley. Pra 


tus, 


fessor of Biochemistry; Chairman of the Divisig try, 
of Biochemistry. (2, 1919) | Rest 
Schmidt, C. Robert, Ph.D., M.D. Hertzdl@ 


Clinic, Halstead, Kan. Resident Surgeon. Maj 
(MC) A.U.S. (1, 1940) 


Schmidt, Gerhard, M.D. Boston Dispensa: Coll 


25 Bennett St., Boston, Mass. Senior Researg V&™ 
Fellow, Tufts College Medical School. (2, 193 (1s } 
Schmidt, Leon H., M.S., Ph.D. Christ Hospitgeeott 
Institute for Medical Research, Cincinnati, ( Lab 
Director of Research; Assistant Professor - 


Biological Chemistry, College of Medicine, Ung 





versity of Cincinnati. (2, 1936) ‘goats 
Schmitt, Francis Otto, Ph.D. Dept. of Biolog N-4 
and Public Health, Massachusetts Institute having 
Technology, Cambridge. Professor of Biologt ott, 
(1, 1930) ae 

r 


Schnedorf, Jerome G., M.D., Ph.D. The Unf 
versity of Kansas School of Medicine, Kans# 
City. Associate in Surgery. On leave: Captai 
MC, Hoff General Hospital, Santa Barbarg 
Calif. (1, 1941) 





Coll 
olog’ 





Schneider, Edward C., Ph.D., Sc.D., M.P.E. land 
Gordon Place, Middletown, Conn. Universi &™” 
Professor, Wesleyan University. (1, 1912; 2, 191! : Clev 

Schoenbach, Emanuel B., M.D. Meningococap ott 
Meningitis Commission, Johns Hopkins Scho YY: 


of Hygiene, 615 N. Wolfe St., Baltimore, M@ (1, : 
(6, 1941) 

Schoepfie, Gordon M., A.M., Ph.D.* Washingt 
University, School of Medicine, St. Louis. M 
Instructor in Physiology. (1, 1943) 

Schradieck, Constant E., M.D. 65 Hazard Ave 
Providence, R. I. Director, Pathological D@ 
partment, Homeopathic Hospital of Rhode If 
land. (6, 1921) 

Schreiner, Oswald, M.S., Ph.D. Bureau of Plog’ 
Industry, U. S. Department of Agricultu 
Washington 25,D. C. Chief, Division of So 
Fertility Investigations. (2, 1908) 

Schroeder, E. F., M.S., Ph.D. G. D. Searle 
Co., P. O. Box 5110, Chicago 80, Ill. Researt 
Biochemist. (2, 1938) 

Schuck, Cecelia, Ph.D. Purdue Universit 
Lafayette, Ind. Professor of Nutrition, D@ 
partment of Home Economics. (5, 1941) 

Schultz, Edwin William, M.D. 743 Cooksey Lan 
Stanford University, Calif. Professor of Bal 
teriology and Experimental Pathology. (4, 19 
6, 1928) 
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Ka ns . ott, 
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Schultz, Mark P., A.M., M.D. National Institute 


of Health, Bethesda, Md. Surgeon, U. S. Public 
Health Service. (6, 1933) 


Schultz, W. H., Ph.D. 3102 18th St., N.W., Wash- 


ington, D. C. Professor of Pharmacology, Emeri- 
tus, University of Maryland. (1, 1907; 3, 1909) 


Schultze, Max O., Ph.D. Department of Chemis- 


try, University of Pittsburgh, Pittsburgh, Pa. 
Research Fellow, Buhl Foundation. (2, 1938) 
1225 Talbert St., 


S. E., Washington, D.C. (3, 1920) 


Schweizer, Malvina, Ph.D.* Washington Square 


College of Arts and Sciences, New York Uni- 
versity, New York, N. Y. Instructor in Biology. 
(1, 1944) 


Scott, David Alymer, M.A., Ph.D. Connaught 


Laboratories, University of Toronto, Toronto 
5, Ontario, Canada. Senior Research Chemist. 
(2, 1935) 


Ikcott, Ernest L., Ph.D. 64 South St., Bogota, 


N.J. Associate Professor of Physiology, Emeri- 
tus, Columbia University. (1, 1914; 2, 1915) 


Scott, Frederick Hughes, Ph.D., Sc.D., M.B. 


University of Minnesota, Minneapolis. Profes- 
sor of Physiology, Emeritus. (1, 1908; 2, 1909) 
John C., Ph.D. Hahnemann Medical 
Professor of Physi- 
(1, 1936) 


College, Philadelphia, Pa. 
ology and Head of the Department. 


Scott, R. W., A.M., M.D. City Hospital, Cleve- 


land, O. Professor of Clinical Medicine, West- 
ern Reserve University; Physician-in-chief, 
Cleveland City Hospital. (1, 1917; 3, 1917) 


Scott, V. Brown, Ph.D., M.D. Inlow Clinic, Shel- 


byville, Ind. Internist, Division of Medicine. 
(1, 1941) 


Scott, W. J. Merle, M.D. University of Roches- 


ter Medical School, Rochester, N. Y. Asso- 
ciate Professor of Surgery. (4, 1925) 


Scott, W. W., M.D.* University Clinics, Univer- 


sity of Chicago, Chicago, Ill. Instructor in Sur- 
gery. (1, 1943) 


de Tpcudi, John Vincent, Ph.D. Merck & Co., Inc., 


Seager, Lloyd D., M.S., M.D. Woman’s Medical 


Rahway, N. J. Biochemist. (2, 1942) 

College of Pennsylvania, East Falls, Phila- 
delphia. Professor of Pharmacology and Tozicol- 
ogy. (3, 1939) 


Sealock, Robert R., Ph.D. Department of Vital 


Economics, University of Rochester Medical 
School, Crittenden Blvd., Rochester, N. Y. 
Assistant Professor of Physiological Chemisiry. 
(2, 1940; 5, 1941) 


Seastone, C. V., Jr., M.D. University of Wis- 


Madison. Associate 
(6, 1939) 


consin Medical School, 
Professor of Medical Bacteriology. 


Nebrell, W. H., Jr., M.D. National Institute of 
Health, Bethesda, Md. Chief, 
Physiology. 


Division of 
(2, 1938; 5, 1937) 
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Seecof, David P., M.D. 1970 Daly Ave., Bronx, 
New York City. (4, 1927) 

Seegal, David, M.D. Welfare Island, New York 
City. Director, Research and Clinical Service, 
First Division, Welfare Hospital; Associate 
Professor of Medicine, Columbia University. 

(6, 1930) 

Seegers, Walter H., Ph.D. Research and Biological 
Laboratories, Parke Davis & Co., Detroit, Mich. 
Research Biochemist. (2, 1941) 

Seevers, Maurice Harrison, Ph.D., M.D. 
University of Michigan School of Medicine, Ann 
Arbor. Professor of Pharmacology and Chair- 
man of the Department. (1, 1933; 3, 1930) 

Seibert, Florence B., Ph.D.,Sc.D., LL.D. Henry 
Phipps Institute, University of Pennsylvania, 
7th and Lombard Sts., Philadelphia. Asso- 
ciate Professor of Biochemistry. (2, 1925) 

Seidell, Atherton, M.S., Ph.D. 2301 Connecticut 
Ave., Washington, D. C. Special Expert, 
National Institute of Health. (2, 1924) 

Seifter, Joseph, M.D. Wyeth Institute of Applied 
Biochemistry, Philadelphia, Pa. Chief Pharmacol- 
ogist. (3, 1940) . 

Selle, Wilber Arthur, Ph.D. Medical School, 
University of Texas, Galveston. Associate 
Professor of Physiology. (1, 1938) 

Selye, Hans, M.D., Ph.D. Medical Building, 
McGill University, Montreal, Que., Canada. 
Assistant Professor of Anatomy. (1, 1934) 

Sendroy, Julius, Jr..M.A., Ph.D. Mercy Hospi- 
tal, 2537 Prairie Ave., Chicago, Ill. Professor of 
Chemistry and Chairman of the Department of 
Experimental Medicine, Loyola University School 
of Medicine. (2, 1928) 

Sevag, M. G., Ph.D. Department of Bacteri- 
ology, University of Pennsylvania School of 
Medicine, Philadelphia. Assistant Professor of 
Biochemistry in Bacteriology. (6, 1941) 

Sevringhaus, Elmer L., M.A., M.D. Wisconsin 
General Hospital, Madison. Professor of Medi- 
cine, University of Wisconsin; Consultant in 
Clinical Chemistry, Wisconsin Psychiatric In- 
stitute; Chemist to Wisconsin General Hospital. 
(2, 1923; 5, 1939) 

Shaffer, Morris F., D. Phil. Department of Pathol- 
ogy and Bacteriology, School of Medicine, Tulane 
University of Louisiana, New Orleans. Associate 
Professor. (4, 1939; 6, 1937). 

Shaffer, Philip A., Ph.D. Washington University 
Medical School, St. Louis 4, Mo. Professor of 
Biological Chemistry and Dean of the School 
of Medicine; Member, National Academy of 
Sciences. (1, 1906; 2, 1906; 5, 1935) 

Shannon, James A., M.D., Ph.D. Welfare 
Hospital, Welfare Island, New York City. 
Director of Research Service, Third (New York 
University) Medical Division, Welfare Hospital, 
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Department of Medicine, New York Unwersity 


College of Medicine. (1, 1933) 

Shapiro, Herbert, A.M., Ph.D. Radiation Labora- 
tory M.I.T., Cambridge, Mass. Staff Member. 
(1, 1937) 

Sharpless, George R., D.Sc. Henry Ford Hos- 
pital, Detroit, Mich. Associate in Nutrition 
Research. (5, 1942) 

Shaw, Myrtle, M.S., Ph.D. 11 S. Lake Ave., 
Albany, N. Y. Senior Bacteriologist, Division 
of Laboratories and Research, New York State 
Department of Health. (6, 1937) 

Shay, Harry, M.D.* Samuel S. Fels Fund, Medical 
Tower, Philadelphia, Penna. Director, Medical 
Research Laboratory. (1, 1944) 

Shear, Murray, J., Ph.D. National Cancer In- 
stitute, Bethesda, Md. Principal Biochemist. 
(2, 1930) 

Sheard, Charles, A.M., Ph.D. Mayo Foundation, 
Rochester, Minn. Chief of the Division of 
Physics and Biophysical Research and Professor 
of Physiological Optics and Biophysics, Univer- 
sity of Minnesota. (1, 1925) 

Sheehan, Donal, M.D., D.Sc. New York Uni- 
versity College of Medicine, First Ave., New 
York City. Professor of Anatomy and Director 
of Anatomical Laboratories. (1, 1938) 

Shemin, David, A.M., Ph.D. Columbia University, 
College of Physicians and Surgeons, 630 W. 168th 
St., New York City. Instructor in Biochemistry. 
(2, 1944) 

Sheppard, Fay, M.S. University of Oklahoma 
Medical School, Oklahoma City. Instructor in 
Biochemistry. (2, 1936) 

Sherman, Henry C., A.M., Ph.D., Sc.D. Colum- 
bia University, New York City. Mitchell Pro- 
fessor of Chemistry and Executive Officer of the 
Department of Chemistry; Member, National 
Academy of Sciences. (1, 1923; 2,1906; 5, 1933) 

Sherwin, Carl Paxson, Sc.D., M.D., Dr.P.H., 
LL.D. 40 E. 61st St., New York City. Direc- 
tor of Metabolic Service, St. Vincent’s Hospital; 
Associate Physician, French Hospital. (1, 
1919; 2, 1917) 

Sherwood, Noble P., Ph.D., M.D. 1801 Indiana 
St., Lawrence, Kan. Professor of Bacteriology, 
University of Kansas. (6, 1928) 

Sherwood, Thomas Cecil, M.A., Ph.D. 2639 Napo- 
leon Ave., New Orleans, La. House Physician, 
Southern Baptist Hospital. (1, 1938) 

Shideman, Frederick E., Ph.D. Dept. of Pharma- 
cology, University of Michigan, Ann Arbor. 
Instructor of Pharmacology. (3, 1944) 

Shimkin, Michael Boris, M.D. U. 8S. Public 
Health Service, National Cancer Institute, 
Bethesda, Md. Passed Assistant Surgeon. (4, 
1940) 

Shlaer, Simon, M.A., Ph.D. Columbia Univer- 
sity, New York City. Research Associate in 

Biophysics. (1, 1938) 
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Shock, Nathan W., Ph.D. Unit on Gerontology 
U. S. Public Health Service, Baltimore Cit 
Hospitals, Bultimore, Md. Senior Psycho 
physiologist, U. S. Public Health Service, Na 
tional Institute of Health, Bethesda, Md. (I, 
1942) 

Shoemaker, Harold A., M.S., Ph.D. Universit 
of Oklahoma School of Medicine, 801 E. 13th St., 
Oklahoma City. Assistant Dean; Professor 0 
Pharmacology. (3, 1941) 

Shohl, Alfred T., M.D. 300 Longwood Ave., 
Boston, Mass. Research Associate in Pediatrics, 
Harvard Medical School. (2, 1922; 5, 1933) 

Shope, Richard E., M.D. Department of Animal 
and Plant Pathology, The Rockefeller Institute, 
Princeton, N. J. Member. (4, 1934) 

Shorr, Ephraim, M.D. The New York Hospital 
525 East 68th St., New York City. Assista 
Professor of Medicine, Cornell University Medi 
cal College; Assistant Attending Physician, The 
New York Hospital. (1, 1931; 3, 1942) 

Shwartzman, Gregory, M.D. 230 E. 50th St. 
New York City. Head of Department of Bac 
teriology, Mount Sinai Hospital; Clinical Pro 
fessor of Bacteriology, Columbia University 
(4, 1929; 6, 1930) 

Sichel, F..J. M., Sc.M., Ph.D. College of Medi 
cine, University of Vermont, Burlington. Asso 
ciate Professor of Physiology. (1, 1939) 

Sickles, Grace M., B.A. 2201 Twelfth St., Troy 
N. Y. Associate Bacteriologist, Division 0 
Laboratories and Research, New York State 
Department of Health. (6, 1932) 

Sickles, Gretchen R., A.B. Division of Labora 
tories and Research, New York State Depart 
ment of Health, Albany, N. Y. Asszistanl 
Bacteriologist. (6, 1937) 

Siebert, Walter J.. M.D. DePaul Hospital, St 
Louis, Mo. Director of Laboratories and Path 
ologist of DePaul and Lutheran Hospitals, St 
Louis, and of St. Joseph Hospital, Alton, Ill 
(4, 1932) . 

Silberberg, Martin, M.D., Dr. med. habil. Snod- 
grass Laboratory of Pathology, City Hospital, 
1428 Carroll St., St: Louis, Mo. (4, 1944) 

Silberberg, Ruth, M.D. 235 E. 22nd St., New 








York, N. Y. Assistant in Pathology, New York 
University, College of Medicine, New York. (4 
1944) 

Silvette, Herbert, M.S., Ph.D. University ol 
Virginia Medical School, University. Assistanj 
Professor of Pharmacology. (1, 1933; 3, 1940) 

Simon, Frank A., M.D. 812 Heyburn Bldg. 
Louisville, Ky. (6, 1934) 

Simonds, James P., Ph.D., M.D. Northwester 
University Medical School, 303 E. Chicago Ave. 
Chicago, Hl. Professor of Pathology. (4, prio 
to 1920) 

Simonson, Ernst, M.D. c/o Laboratory of Physi 
ological Hygiene, Stadium South Tower, Uni 
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versity of Minnesota, Minneapolis 14. Associate 

Professor of Physiological Hygiene and of Physi- 

ology. (1, 1941) 

Sinclair, Robert Gordon, Ph.D. Queen’s Univer- 
sity, Kingston, Ont., Canada. Professor of 
Biochemistry. (2, 1931) 

Sizer, Irwin W., Ph.D. * Massachusetts Institute of 
Technology, Cambridge. Associate Professor of 
Physiology. (1, 1944) 

Slaughter, Donald, M.D. Southwestern Medical 
College, 2211 Oak Lawn, Dallas, Texas. Dean of 
Students, Professor of Pharmacology, and Chair- 
man of the Department of Physiology and 
Pharmacology. (3, 1938) 

Slonaker, James R., Ph.D. 334 Kingsley Ave., 
Palo Alto, Calif. Professor of Physiology, 
Leland Stanford Junior University. (1, 1917) 

Smadel, Joseph Edwin, M.D. 3-30 Parsons Blvd., 
Malba, Long Island, N. Y. Associate Member; 
Asst. Physician, Rockefeller Hospital. (4, 1940; 
6, 1937) 

Small, James C., M.D. 1338. 36th St., Phil- 
adelphia, Pa. Instructor in Medicine, Grad- 
uate School of Medicine, University of Penn- 
sylvania. (4, 1927) 

Smetana, Hans, M.D. College of Physicians and 
Surgeons, 630 W. 168th St., New York. City. 
Assistant Professor of Pathology. (4, 1934) 

Smith, Arthur H., M.S., Ph.D. Wayne Univer- 
sity College of Medicine, Detroit 26, Mich. Pro- 
fessor of Physiological Chemistry. (1, 1923; 
2, 1921; 5, 1933) 

Smith, Austin Edward, M.D., C.M., M.Sc. (Med.). 
American Medical Association, 535 N. Dearborn 
St., Chicago, Ill. Acting Secretary of the Council 
on Pharmacy and Chemistry, American Medical 
Association; Research. Associate (Instructor) 
Dept. of Pharmacology, University of Chicago. 
(3, 1942) 

Smith, Clarence A., M.S., Ph.D. Standard 
Brands, Inc., 595 Madison Ave., New York City. 
Technical Director, Special Products Depart- 
ment. (1, 1921) 

Smith, David T. Duke Hospital, Durham, N. C. 
(5, 1943) 

Smith, Dietrich Conrad, A.M., Ph.D. University 
of Maryland School of Medicine, Lombard and 
Greene Sts., Baltimore. Associate Professor of 
Physiology. (1, 1937) 

Smith, Elinor Van Dorn, Ph.D. 5 Middle St., 
Hadley, Mass. Assistant Professor of Bacteri- 
ology, Smith College. (6, 1940) 

Smith, Elizabeth R. B., Ph.D. % Capt. Paul 
K. Smith, School of Aviation Medicine, Randolph 
Field, Texas. (2, 1938) 

Smith, Erma A., A.M., Ph.D.,; M.D. Iowa 
State College, Ames. Associate Professor of 
Physiology. (1, 1928) 

Smith, Fred M., M.D. State University of Iowa, 

Iowa City. Professor of the Theory and Practice 
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of Medicine and Head of the Department. (1, 
1925) 

Smith, George H., M.A., Ph.D., M.A.(hon.), 
Sc.D. School of Medicine, Yale University, 
New Haven, Conn. Professor of Immunology 
and Assistant Dean; Chairman, Department of 
‘Bacteriology, Yale University. (6, 1918) 

Smith, H. P., M.S., M.D. College of Medicine, 
State University of Iowa, Iowa City. Professor 
of Pathology. (1, 1937; 4, 1925) 

Smith, Homer W., M.S., Se.D. 477 First Ave., 
New York City. Professor of Physiology, New 
York University College of Medicine. (1, 1923; 
2, 1930) 

Smith, Lawrence Weld, M.D. Temple University 
School of Medicine, N. Broad St., Phila- 
delphia, Pa. Professor and Head of Department 
of Pathology; Director of Laboratories, Temple 
University Hospital. (4, 1927) 

Smith, Lee Irvin, A.M., Ph.D. School of Chemis- 
try, University of Minnesota, Minneapolis. 
Professor and Chief, Division of Organic Chem- 
istry. (2, 1942) 

Smith, Margaret Cammack, A.M., Ph.D. Uni- 
versity of Arizona, Tucson. Professor of Nutri- 
tion; Nutrition Chemist, Agricultural Experiment 
Station, School of Home Economics. (2, 1935; 
5, 1933) 

Smith, Maurice I., M.D. National Institute of 
Health, Bethesda, Md. Principal Pharmacolo- 
gist., U. S. Public Health Service. (1, 1920; 
3, 1916) 

Smith, Paul K., Ph.D. AAF School of Aviation 
Medicine, Randolph Field, Texas. Chief, Labora- 
tory of Pharmacology and Biochemistry; Major, 
Air Corps. (2, 1937; 3, 1937) 

Smith, Paul W., M.S., Ph.D. School of Medicine, 
University of Oklahoma, 801 E. 13th St., Okla- 
homa City. Assistant Professor of Pharma- 
cology. (1, 1933) 

Smith, Philip Edward, M.S., Ph.D. 630 W. 168th 
St., New York City. Professor of Anatomy, 
Columbia University; Member of the National 
Academy of Sciences. (1, 1923) 

Smith, Ralph G., M.D., Ph.D. Tulane University, 
Station 20, New. Orleans, La. Professor of Phar- 
macology. (3, 1929) 

Smith, R. Blackwell, Jr., S.M., Ph.D. Division of 
Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington, D. C. 
Pharmacologist and Assistant to the Chief. (3, 
1944) 

Smith, Susan Gower, M.A. Duke University, 
Durham, N.C. Associate, Department of Medi- 
cine and Nutrition, School of Medicine. (5, 1939) 

Smith, Sybil L., A.M. Principal Experiment Sta- 
tion Administrator, Office of Experiment Sta- 
tions, U.S.D.A., Washington, D. C. (5, 1940) 

Smith, Wilbur Kenneth, M.D. University of 
Rochester School of Medicine and Dentistry, 
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260 Crittenden Blvd., Rochester, N. Y. Asso- 
ciate Professor of Anatomy. (1, 1939) 

Smith, Willie W., M.A., Ph.D. 4710 Edgmoor 
Lane, Bethesda, Md. Associate Physiologist, Na- 
tional Institute of Health. (1, 1941) 

Smithburn, Kenneth C., M.D. Yellow Fever Re- 
search Institute, P.O, Box 49, Entebee, Uganda, 
British East Africa. Staff Member, Interna- 
tional Health Division of The Rockefeller Foun- 
dation. (6, 1937) 

Smolens, Joseph, B.S. Dept. of Bacteriology, Uni- 
versity of Pennsylvania Medical School, Phila- 
delphia. Fellow in Bacteriology. (6, 1943) 

Smythe, C. V., M.S., Ph.D. 5000 Richmond St., 
Philadelphia, Pa. Head of Biochemistry, Rohm & 
Haas Company. (2, 1934) 

Snell, Albert M., M.D. Mayo Clinic, Rochester, 
Minn. Head of Section on Medicine at Mayo 
Clinic; Professor in Medicine, Mayo Foundation 
Graduate School, University of Minnesota. 
(4, 1930) 

Snell, Esmond E., M.A., Ph.D. Department of 
Chemistry, University of Texas, Austin. As- 
sistant Professor of Chemistry and Research 
Biochemist. (2, 1942) 

Snyder, Charles D., M.S., Ph.D. Johns Hopkins 
University School of Medicine, Baltimore, Md. 
Professor Emeritus of Experimental Physiology. 
(1, 1907) 

Snyder, Franklin Faust, M.D. University of 
Chicago, Ill. Associate, Department of Ob- 
stetrics. (1, 1936) 

Sobel, Albert E., Ch.E., M.A., Ph.D. Jewish 
Hospital of Brooklyn, Prospect'Place and Classon 
Ave., Brooklyn, N. Y. Director of Chemical 
Laboratories; Lecturer in Biochemistry, Graduate 
Division, Brooklyn College; Lecturer in ‘‘ Blood 
Chemistry’’, Hunter College. (2, 1939) 

Sobotka, Harry H., Ph.D. Mount Sinai Hospital, 
Fifth Ave. and 100th St., New York City. 
Head, Department of Chemisiry. (2, 1932; 5, 
1933) 

Solandt, Donald Young, M.A.,M.D., Ph.D. Uni- 
versity of Toronto, Toronto, Ont., Canada. 
Associate Professor of Physiology; Head of the 
Department of Physiological Hygiene. (1, 1937) 

Soley, Mayo H., M.D.* University of California 
Medical School, The Medical Center, San Fran- 
cisco. Associate Professor of Medicine and Lec- 
turer in Pharmacology. (1, 1943) 

Sollmann, Torald, M.D. Sc.D., LL.D. School of 
Medicine, Western Reserve University, 2109 
Adelbert Rd., Cleveland, O. Dean and Professor 
of Pharmacology and Materia Medica, Emeritus. 

Somogyi, Michael, Ph.D. 216 S. Kingshighway, 
St. Louis, Mo. Biochemist, Jewish Hospital 
of St. Louis. (2, 1927) 

Soskin, Samuel, M.D.,,M.A., Ph.D. Michael 
Reese Hospital, Chicago, Ill. Director of Meta- 
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bolic and Endocrine Research; Professoral Lec- 
turer in Physiology, University of Chicago. 
(1, 1930; 5, 1933) 

Soule, Malcolm H., Sc.D.,.LL.D. University of 
Michigan, Ann Arbor. Professor of Bacteriol- 
ogy, Director of the Hygienic Laboratory and 
Chairman of the Department of Bacteriology. 
(4, 1927; 6, 1925) 

Spain, Will C., M.D. 116 E. 53rd St., New York 
City. Clinical Professor of Medicine, Post- 
Graduate Medical School, Columbia University. 
(6, 1923) 

Spealman, C. R., M.A., Ph.D. National Naval 
Medical Center, Bethesda, Md. (1, 1940) 

Specht, Heinz, Ph.D. National Institute of 
Health, Rockville Pike, Bethesda, Md. Asso- 
ciate Research Physiologist. (1, 1941) 

Sperry, Warren M., M.S., Ph.D. 722 W. 168th St., 
New York City. Principal Research Biochemist, 
New York State Psychiatric Institute and Hos- 
pital; Assistant Professor of Biological Chemis- 
try, College of Physicians and Surgeons, Columbia 
University. (2, 1929; 5, 1933) 

Spiegel, Ernest A., M.D. Temple University 
School of Medicine, Broad and Ontario Sts., 
Philadelphia, Pa. Professor of Experimental 
Neurology. (1, 1936) 

Spiegel-Adolf, Mona, M.D. Temple University 
School of Medicine, Broad St. at Ontario Ave., 
Philadelphia, Pa. Professor and Head of De- 
partment of Colloid Chemistry. (% 1933) 

Spies, Tom D., M.D. Feb.-Nov. Hillman Hos- 
pital, Birmingham, Ala. Nov.-Feb. General 
Hospital, Cincinnati, O. Associate Professor 
of Medicine, Univ. of Cincinnati College of 
Medicine. Visiting Professor of Medical Re- 
search, Univ. of Alabama School of Medicine. 
Professor of Medical Research, Univ. of Texas 
School of Medicine. Director, Nutrition Clinic, 
Hillman Hospital, Birmingham, Ala. (8, 1941; 
4, 1940; 5, 1938) 

Spink, Wesley W., M.D. University of Minnesota 
Hospital, Minneapolis. Associate Professor of 
Medicine, University of Minnesota Medical 
School. (3, 1940; 4, 1940; 6, 1940) 

Spohn, Adelaide, M.S., Ph.D. Elizabeth McCor- 
mick Memorial Fund, 848 N. Dearborn §8t., 
Chicago, Ill. (5, 1933) 

Sproul, Edith E., M.D. Columbia University, 
College of Physicians and Surgeons, New York 
City. Assistant Professor of Pathology. (4, 
1941) 

Sprunt, Douglas H., M.D., M.S. Univ. of Tennes- 
see, Memphis. Professor of Pathology. (4, 1934; 
6, 1936) 

Stadie, William C., M.D. 821 Maloney Clinic, 
36th and Spruce Sts., Philadelphia, Pa. Pro- 
fessor of Research Medicine, University of Penn- 
sylvania. (2, 1922) 
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Stainsby, Wendell J., M.D., C.M. Geisinger 
Memorial Hospital, Danville, Pa. Chief Physi- 
cian. (6, 1930) 

Stanley, Wendell M., M.S., Ph.D., Sc.D. Rocke- 
feller Institute for Medical Research, Princeton, 
N. J. Member; Member, National Academy of 
Sciences, (2, 1936) 

Stannard, James Newell, Ph.D. Research Divi- 
sion, Bureau of Medicine and Surgery, Navy 
Department, Washington 25, D. C. Lieutenant, 
H-V (5), USNR. (1, 1938) 

Stare, Fredrick J., Ph.D., M.D. Department of 
Biological Chemistry, Harvard Medical School, 
Boston, Mass. Assistant Professor of Nutrition. 
(2, 1987; 5, 1942) 

Starr, Isaac, M.D. 817 Maloney Clinic, Hos- 
pital of the University of Pennsylvania, Phila- 
delphia. Hartzell Research Professor of Thera- 
peutics. (1, 1929; 3, 1942) 

Stavraky, George W., M.D., C.M., M.Sc. Medi- 
cal School, University of Western Ontario, 
London, Ont., Canada. Associate Professor of 
Physiology. (1, 1937;3, 1944) 

Stearns, Genevieve, Ph.D. College of Medicine, 
State University of Iowa, Iowa City. Research 
Professor of Pediatrics. (2, 1932; 5, 1937) 

Steel, Matthew, Ph.D. Long Island College of 
Medicine, 350 Henry St., Brooklyn, N. Y. Pro- 
fessor of Biological Chemistry. (2, 1909) 

Steele, J. Murray, M.D. Welfare Hospital, Wel- 
fare Island, New York City. Associate Pro- 
fessor of Medicine, New York University; 
Director 8rd (New York University) Medical 
Division of Welfare Hospital. (1, 1936) 

Steenbock, Harry, M.S., Ph.D., Sc.D. Univer- 
sity of Wisconsin, Madison. Professor of -Bio- 
chemistry. (2, 1912; 5, 1933) 

Steggerda, F. R., M.A., Ph.D. 416 Natural His- 
tory Building, University of Illinois, Urbana. 
Assistant Professor of Physiology. (1, 1934) 

Stehle, Raymond Louis, A.M., Ph.D. Faculty of 
Medicine, McGill University, Montreal, Canada. 
Professor of Pharmacology. (2, 1920; 3, 1922) 

Steigmann, Frederick, M.S.,M.D. 3488S. Hamlin 
Ave., Chicago, Ill. Associate in Medicine, Col- 
lege of Medicine, University of Illinois; Asso- 
ciate Attending Physician, Cook County Hos- 
pital. (3, 1942) 

Steiman, S. E., M.A., Ph.D., M.D. 364 Riverway, 
Boston, Mass. Assistant Physician, Metropolitan 
State Hospital, Waltham, Mass. (1, 1939) 

Steinbach, H. Burr, M.A., Ph.D. Washington 
University, St. Louis, Mo. Associate Professor 
of Zoology. (1, 1934) 

Steinberg, Bernhard, M.D. Toledo Hospital Insti- 
tute of Medical Research, Toledo, O. Director of 
the Toledo Hospital Institute of Medical Re- 
search; Director of Clinical and Morbid Patholog- 
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ical Laboratories, The Toledo Hospital; Surgeon, 
U.S.P.H. (inactive). (4, 1928) 

Steiner, Paul E., M.D. The University of Chi- 
cago, Chicago, Ill. Associate Professor of Path- 
ology. (4, 1939) 

Steinhardt, Jacinto, A.M.,Ph.D. 1548 East-West 
Highway, Silver Spring, Md. Research Asso- 
ciate, Division of War Research, Columbia 
University, New York City. Field Service Con- 
sultant, Office of Scientific Research and Develop- 
ment. (On loan to U.S. Navy.) (2, 1939) 

Steinhaus, Arthur H., M.S., Ph.D., M.P.E. 
5315 Drexel Ave., Chicago, Ill. Professor of 
Physiology, George Williams College, Hyde 
Park. (1, 1928) 

Stekol, Jakob A., M.A., D.Sc. Route 1, Box 759, 
Grass Valley, Calif. Captain, Sn.C. (2, 1936) 
Stern, Kurt G., Ph.D. 85 Livingston St., Brooklyn, 
N. Y. Adjunct Professor, Department of Chemis- 

try, Polytechnic Institute. (2, 1938) 

Stetten, DeWitt, Jr.. M.D., Ph.D. 630 W. 168th 
St., New York City. Assistant Professor of Bio- 
chemistry, College of Physicians and Surgeons, 
Columbia University. (2, 1944) 

Stevens, S. Smith, Ph.D. Emerson Hall, Harvard 
University, Cambridge, Mass. Assistant Pro- 
fessor of Psychology. (1, 1937) 

Stewart, Fred W., M.D. Memorial Hospital, 
444 E. 68th St., New York City. Pathologist; 
Associate Professor of Surgical Pathology, Cor- 
nell Medical School; Pathologist, New York 
State Department of Public Health, Division of 
Laboratories and Research. (4, 1928) 

Stewart, Harold L., M.D. The National Cancer 
Institute, Bethesda, Md. Senior Pathologist. 
(4, 1936) 

Stewart, Winifred Bayard, M.D., M.A. 2028 
Delancey St., Philadelphia, Pa. Professor of 
Neurology, Woman’s Medical College of Penn- 
sylvania. (1, 1941) 

Stickney, J. Clifford, M.S., Ph.D.* West Virginia 
University School of Medicine, Morgantown. 
Instructor in Physiology. (1, 1944) 

Stiebeling, Hazel K., M.A., Ph.D. United States 
Department of Agriculture, Washington, D. C. 
Senior Food Economist, Bureau of Home Eco- 
nomics. (5, 1933) 

Stier, Theodore J. B., Ph.D. Indiana University 
Medical School, Bloomington. Associate Pro- 
fessor of Physiology. (1, 1938) 

Still, Eugene U., Ph.D. % Strong Cobb & Co., 
2654 Lisbon Rd., Cleveland, O. (1, 1929) 

Stillman, Ernest G.. M.D. 45 E. 75th St., New 
York City. 19 

Stockton, André acon, M.D. Barracks Dis- 
pensary, U. 8. «val Supply Depot, Oakland, 
Calif. Assistant Clinical Professor of Medicine, 
Stanford Medical School; Commander, (M.C.) 
U.S.N.R. (8, 1931) 
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Stokstad, E. L. Robert, Ph.D. Lederle Labora- 
tories, Pearl River, N. Y. Research Chemist. 
(5, 1942) 

Stoland, O. O., M.S., Ph.D. 1845 Learnard Ave., 
Lawrence, Kan. Professor of Physiology and 
Pharmacology, University of Kansas. (1, 1913) 

Stormont, Robert T., Ph.D. Naval Medical Re- 
search Institute, Bethesda, Md. Lieutenant 
(j.g-) (M.C.) U.S.N.R. (8, 1941) 

Stotz, Elmer H., Ph.D. New York State Agricul- 
tural Experiment Station, Cornell University, 
Geneva, N. Y. Professor of Agricultural and Bio- 
logical Chemistry, Cornell University. (2, 1939) 

Stoughton, Roger W., M.S., Ph.D. Mallinckrodt 
Chemical Works, 3600 N. Second St., St. Louis, 
Mo. Research Chemist. (8, 1939) 

Strong, Frank M., M.A., Ph.D. Department of 
Biochemistry, University of Wisconsin, Madison. 
Associate Professor of Biochemistry. (2, 1941) 

Struck, Harold Carl, Ph.D. University of Illinois 
College of Medicine, 1853 W. Polk St., Chicago. 
Assistant Professor of Pharmacology and Ther- 
apeutics. (1, 1940) 

Stuart, Charles A., M.Sc., Ph.D. 372 Lloyd Ave., 
Providence, R. I. Associate Professor of Biol- 
ogy, Brown University. (6, 1935) 

Sturgis, Cyrus Cressey, M.D. Simpson Memorial 
Institute, Ann Arbor, Mich. Director, Thomas 
Henry Simpson Memorial Institute for Medical 
Research; Chairman, Department of Medicine, 
University Hospital, and Professor of Medicine, 
University of Michigan. (4, 1927) 

SubbaRow, Y., Ph.D. Lederle Laboratories, Pearl 
River, N. Y. (2, 1939) 

Sugg, John Y., Ph.D. Cornell University Medical 
College, 1300 York Ave., New York City. 
Assistant Professor of Bacteriology and Im- 
munology. (6, 1938) 

Sullivan, Michael Xavier, Ph.D. Chemo-Medical 
Research Institute, Georgetown University, 
37th & OSts., N. W., Washington, D. C. Director 
and Research Professor of Chemistry. (2, 1909) 

Sulzberger, Marion B., M.D. 962 Park Ave., 
New York City. Lieutenant Commander, M.C., 
U.S.N.R., incharge of Dermatology and Syphilol- 
ogy, U. S. Naval Hospital, Brooklyn, N. Y.; 
Assistant Clinical Professor of Dermatology and 
Syphilology, Columbia University. (6, 1936) 

Summerson, William H., M.A., Ph.D. Cornell 
University Medical College, 1300 York Ave., 
New York City. Assistant Professor of Bio- 
chemistry. (2, 1942) 


* 
Sumner, James Batcheller, A.M., Ph.D. Dairy 


Building, Ithaca, N. Y. Professor of Biochem- 
istry, Cornell University Medical College. (2, 
1919) 

Sumwalt, Margaret, M.S.,Ph.D. Medical School, 
University of Pennsylvania, Philadelphia. (1, 
1934) 
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Sunderman, F. William, M.D., Ph.D. University 
of Pennsylvania, Philadelphia. Assistant Pro- 
fessor of Research Medicine. (2, 1981) 

Sundstroem, Edward S., M.D. University of 
California, Berkeley. Professor of Biochemistry. 
(2, 1919) 

Sure, Barnett, M.S., Ph.D. University of Arkan- 
sas, Fayetteville. Head of Department and 
Professor of Agricultural Chemistry. (2, 1923; 
5, 1933) 

Sutherland, George F., C.M., M.D., M.Sc. 
Crile General Hospital, Cleveland, O. Major, 
M.C. (1, 1939) 

Sutton, T. Scott, M.Sc., Ph.D. Ohio State Uni- 
versity, Columbus. Assistant Professor; Asso- 
ciate, Ohio Agricultural Experiment Station, 
College of Agricutlure. (5, 1936) 

Swain, Robert E., M.S., Ph.D., LL.D. 634 
Mirada Ave., Stanford University, Calif. Pro- 
fessor Emeritus of Chemistry. (2, 1909) 

Swann, Howard G., M.S., Ph.D. Dept. of Phar- 
macology, University of Texas Medical School, 
Galveston. Assistant Professor of Physiology. 
Captain, Aero Medical Laboratory, Wright Field, 
Dayton, O. (1, 1940) 

Swanson, Pearl P., M.S., Ph.D. Iowa State Col- 
lege, Ames. Professor of Foods and Nutrition, 
Dept. of Foods and Nutrition. (5, 1933) 


Swanson, William W., M.S., M.D. 2376 E. 71st 
St., Chicago, Ill. 


(2, 1938) 

Sweeney, H. Morrow, M.S., Ph.D. School of 
Medical Sciences, University of South Dakota, 
Vermillion. Professor of Physiology and Phar- 
macology and Head of the Department. (1, 1939) 

Sweet, J. E., A.M.,M.D.,Se.D. Unadilla, N. Y. 
Emeritus Professor of Surgical Research, Cornell 
Medical College. (1, 1913) 

Swift, Homer, M.D., D.Sc. 888 Park Ave., Néw 
York City. Member, Rockefeller Institute for 
Medical Research; Physician to The Hospital of 
The Rockefeller Institute for Medical Research. 
(6, 1920) 

Swift, Raymond W., M.S., Ph.D. Pennsylvania 
State College, State College. Professor, Insti- 
tute of Animal Nutrition. (5, 1934) 

Swingle, Wilbur Willis, Ph.D. Princeton Univer- 
sity, Princeton, N. J. Professor of Biology. 
(1, 1924) 

Sydenstricker, V. P. University of Georgia School 
of Medicine, Augusta. Professor of Medicine. 
(5, 1944) 

Sykes, Joseph F., M.S.A., Ph.D. Michigan State 
College, E. Lansing. Research Assistant and 
Assistant Professor of Physiology and Pharma- 
cology. (1, 1942) 

Syverton, Jerome T., M.D. The University of 
Rochester School of Medicine and Dentistry and 
Strong Memorial Hospital, Rochester, N. Y. 
Associate Professor of Bacteriology. (4, 1940) 
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Tainter, M. L., M.A., M.D. Winthrop Chemical 
Company, Rensselaer, N. Y. Director of Re- 
search. (1, 1929; 3, 1927) 

Tait, John, M.D., D.Sc., F.R.S.E., F.R.S.C. 
McGill University, Montreal, Que., Canada. 
Professor of Physiology (Retired). (1, 1919) 

Talbert, George A., Ph.D. University Station, 
Grand Forks, N. D. Professor of Physiology 
and Pharmacology, University of North Dakota. 
(1, 1919) 

Talbot, Samuel Armstrong, A.M., M.S., Ph.D. 
Wilmer Institute, Johns Hopkins Hospital, 
Baltimore, Md. Instructor in Physiological 
Optics, Johns Hopkins University. (1, 1940) 

Taliaferro, William H., Ph.D. Department of 

| Bacteriology, University of Chicago, Chicago, 
Ill. Eliakim H. Moore Distinguished Service 
Professor of Parasitology and Dean of the Divi- 
sion of Biological Sciences. (6, 1930) 
annenbaum, Albert, M.D. Michael Reese Hos- 
pital, 29th St. & Ellis Ave., Chicago, Il. Direc- 
tor, Department of Cancer Research. (4, 1942) 
fashiro, Shiro, Ph.D.,M.D. College of Medicine, 
University of Cincinnati, Cincinnati, O. Pro- 
fessor of Biochemistry. (1, 1913; 2, 1913) 

fatum, Arthur L., M.S., Ph.D.,M.D. University 
of Wisconsin, Madison. Professor of Pharma- 
cology. (1, 1913; 3, 1919) 


fauber, Henry, Ph.D. 1909 S. Sixth St., Phila- 
delphia, Pa, Publicker Commercial Alcohol Com- 


pany, Supervisor of Ethyl Alcohol Fermentation. 
(2, 1933) 
laylor, Alonzo E., M.D. General Mills, Inc. 
200 Chamber of Commerce, Minneapolis, Minn. 
Director of Research. Director Emeritus, Food 
Research Institute, Stanford University. (5, 
1933) 
aylor, Alton R., Ph.D. Duke University School 
of Medicine, Durham, N. C. Research Associate 
in Experimental Surgery. (6, 1943) 
aylor, Fred A., Ph.D. 320 E. North Ave., N.S., 
Pittsburgh, Pa. Biochemist, Singer Memorial 
Laboratory. (2, 1933) 
aylor, Haywood M., M.S., Ph.D. Duke Uni- 
versity School of Medicine, Durham, N. C. 
Associate Professor of Biochemistry and Tozi- 
cology; Toxicologist to Duke Hospital. (4, 1942) 
aylor, Henry Longstreet, Ph.D.* University of 
Minnesota, Minneapolis. Associate Physiologist, 
Laboratory of Physiological Hygiene. (1, 1944) 
aylor, John Fuller, Ph.D. Washington University 
School of Medicine, Euclid and Kingshighway, 
St. Louis, Mo. Assistant Professor in Biological 
Chemistry. (2, 1944) 
aylor, M. Wight. New Jersey Agricultural Exper. 
Station, New Brunswick. Assoc. Biochem. in 
Nutr., and Assoc. Prof. of Agr. Biochem., Rut- 
gers Univ. (5, 1944) 
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Taylor, Norman Burke, M.D., F.R.S. (Can.), 
M.R.C.S. (Eng.), L.R.C.P. (Lon.), F.R.C.S. 
(Edin.), F.R.C.P. (Can.). University of To- 
ronto, 5, Ontario, Ont., Canada. Professor of 
Physiology. (1, 1922) 

Teague, Robert S., M.D., Ph.D. Department of 
Pharmacology and Physiology, University of 
Alabama, University. Instructor in Pharmacol- 
ogy. (3, 1942) 

Templeton, Roy D., B.S. 5630 South Flores, San 
Antonio, Texas. (1, 1935) 

Ten Broeck, Carl, M.D. The Rockefeller Insti- 
tute for Medical Research, Department of Ani- 
mal and Plant Pathology, Princeton, N. J. 
Member. (4, 1932; 6, 1924) 

Tepperman, Jay, M.D.* 70 Howe St., New Haven 
11, Conn. Yale University School of Medicine, 
333 Cedar St., New Haven, Conn. Research 
Assistant, Instructor Rank. (1, 1944) 

Terplan, Kornel L., M.D. University of Buffalo, 
School of Medicine, Buffalo, N. Y. Professor of 
Pathology and Bacteriology. (4, 1935) 

Thannhauser, S. J... M.D., Ph.D. Tufts College 
Medical School, 30 Bennet St., Boston, Mass. 
Clinical Professor of Medicine; Associate Phy- 
sician in Chief, Joseph H. Pratt Diagnostic 
Hospital. (2, 1937) 

Thayer, Sidney Allen, Ph.D. 1402 S. Grand 
Blvd., St. Louis 4, Mo. Associate Professor of 
Biochemistry, St. Louis University School of 
Medicine. (2, 1933) 

Theiler, Max, M.D. Rockefeller Foundation, 
New York City. Member of Field Staff. (A, 
1938) 

Thienes, Clinton H., A.M., M.D., Ph.D. Uni- 
versity of Southern California School of Medi- 
cine, Los Angeles. Professor of Pharmacology. 
(3, 1928) 

Thomas, Arthur W., Ph.D. Columbia University, 
New York City. Professor of Chemisiry. (2, 
1924) 

Thomas, Byron H., M.S., Ph.D. Iowa State Col- 
lege, Ames. Professor and Head, Animal 
Chemistry and Nutrition, Iowa Agricultural 
Experiment Station. (5, 1933) 

Thomas, Caroline Bedell, M.D. The Johns Hop- 
kins Hospital, Baltimore, Md. Instructor in 
Medicine, Johns Hopkins University School of 
Medicine. (1, 1939) 

Thomas, J. Earl, M.S., M.D. Jefferson Medical 
College, Philadelphia, Pa. Professor of Physi- 
ology. (1, 1922; 3, 1924) 

Thompson, Marvin Russell, Ph.C., M.Ph., (Hon.) 
Ph.D. 113 W. 18th St., New York, N. Y. Presi- 
dent, William R. Warner and Co., Inc.; Presi- 
dent, Gustavus and Louise Pfeiffer Research 
Foundation; Director, Warner Institute for Ther- 
apeutic Research; Trustee, Columbia University 
College of Pharmacy; Trustee, and Acsistant 
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Secretary, Medical Memorial Fund Inc. (3, 

1944) 

Thompson, Randall L.,8.M.,Sc.D.,M.D. School 
of Medicine, Western Reserve University, 2109 
Adelbert Rd., Cleveland, O. Assistant Pro- 
fessor of Bacteriology. (6, 1937) 

Thompson, William R., Ph.D. 1 Darrock Rd., 
Delmar, N. Y. Senior Biochemist, Division of 
Laboratories and Research, New York State 
Department of Health. (2 1934) 

Thomson, David Landsborough, M.A., Ph.D., 
F.R.S.C. McGill University, Montreal, Canada. 
Professor of Biochemistry and Dean of the Faculty 
of Graduate Studies and Research. (2, 1929) 

Thorn, George Widmer, M.D. Peter Bent Brig- 
ham Hospital, Boston, Mass. Professor of 
Medicine of Harvard University. (1, 1939) 

Tillett, William S.,M.D., Sc.D. (hon.). Depart- 
ment of Bacteriology, New York University 
College of Medicine, 477 First Ave., New York 
City. Professor of Medicine. (6, 1927) 

Tilt, Jennie, M.S., Ph.D. Florida State College 
for Women, Tallahassee. Professor of Physio- 
logical Chemistry and Nutrition. (5, 1937) 

Tipson, R. Stuart, Ph.D. Mellon Institute of 
Industrial Research, University of Pittsburgh, 
Pittsburgh, Pa. Fellow, Department of Research 
in Pure Chemistry. (2, 1937) 

Tipton, Samuel R., Ph.D. Box 1961, University, 
Alabama. Associate Professor of Physiology and 
Pharmacology, University of Alabama, School of 
Medicine. (1, 1940) 

Tisdall, Frederick F., M.S., M.D., M.R.CS., 
L.R.C.P. (London), F.R.C.P. (C.). University 
of Toronto, Toronto, Canada. Associate Pro- 
fessor of Pediatrics; Associate Physician, Hospi- 
tal for Sick Children, Department of Medicine, 
University of Toronto. (2, 1922; 5, 1933) 

Titus, Harry W., A.M., Ph.D. c/o Limestone Pro- 
ducts Corp. of America, Newton, N.J. Technical 
Counsellor. (2, 1929; 5, 1933) 

Tobias, Julian M., M.D.* University of Chicago, 
Chicago, Ill. Instructor in Physiology. On leave 
to Medical Research Laboratory, Edgewood Ar- 
senal, Md. (1, 1944) 

Tocantins, Leandro Maués, M.D. Jefferson Medi- 
cal College, Philadelphia, Pa. Associate Pro- 
fessor of Medicine. (1, 1939) 

Todhunter, Elizabeth Neige, M.Sc., Ph.D., Uni- 
versity of Alabama, University. Associate 
Professor of Nutrition. (5, 1939) 

Toennies, Gerrit, Ph.D. Lankenau Hospital Re- 
search Institute, Philadelphia, Pa. Research 
Chemist. (2, 1934) 

Tolle, Chester D., Ph.D. Food and Drug Ad- 
ministration, Federal Security Agency, Wash- 
ington, D. C. Senior Biochemist. (5, 1942) 

Tompkins, Edna H., M.D. Laboratory of Applied 

Physiology, Yale University, 4 Hillhouse Ave., 
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Toomey, John A., M.D., LL.B. Division of Con-§ § 
tagious Diseases, City Hospital, 3395 Scranton ( 
Rd., Cleveland, O. Associate Professor of Pedi.§ Tut 
atrics (Contagious Diseases), Western Reserug 
University School of Medicine. (6, 1943) vi 

Torda, Clara, Ph.D., M.D.* Cornell Medical Cen-§ Tut 
ter, New York City. Research Fellow in Depart si 
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Gelatin Co., Johnstown, N. Y. (5, 1935) Unni 
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cord St., Boston, Mass. Evans Research Fellog Schoc 
in Physiology, Boston University School of Med 
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General Hospital, Battle Creek, Mich. Assist 
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Turner, Abby H., Ph.D. Mount Holyoke College, 
South Hadley, Mass. Professor of Physiology. 
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Turner, William A., Ph.D. Bureau of Dairy In- 
dustry, U. 8. Department of Agriculture, Belts- 
ville, Md. Associate Chemist. (2, 1929) 

Tuttle, Waid Wright, M.A., Ph.D. State Univer- 
sity of Iowa, Iowa City. Professor of Physiology. 
(1, 1925) 

Tweedy, Wilbur R., Ph.D. Loyola University 
School of Medicine, 706 8. Wolcott St., Chicago, 
Ill. Professor and Chairman, Department of 
Biological Chemistry. (2, 1931) 

Tyler, David B., Ph.D.* California Institute of 
Technology, Pasadena. Hizon Fund Fellow. (1, 
1943) 

Tyslowitz, Richard, M.D.* Schering Corporation, 
Bloomfield, N. J. Head of the Biology Laboratory. 
(1, 1944) 

Unna, Klaus R. W., M.D. Merck Institute for 
Therapeutic Research, Rahway, N.J. Research 
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son Ave., Edgewater, N.J. (5, 1933) 

Van Dyke, H. B., Ph.D., M.D. 630 W. 168th St., 
New York, N. Y. Professor of Pharmacology, 
Columbia University, College of Physicians and 
Surgeons. (1, 1925; 3, 1942) 
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Institute of Technology, Pasadena. Associate 
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fessor of Physiological Chemistry. 

5, 1935) 

Vennesland, Birgit, Ph.D. Dept. of Biochemistry, 
University of Chicago, Chicago, Ill. Assistant 
Professor. (2, 1944) 

Venning, Eleanor H., M.S., Ph.D. University 
Clinic, Royal Victoria Hospital, Pine Ave., 
Montreal, Quebec, Canada. Research Fellow. 
(2, 1938) 

Vickery, Hubert B., M.S., Ph.D. Connecticut 
Agricultural Experiment Station, New Haven. 
Lecturer on the Chemistry of Proteins, Yale 
University; Biochemist in Charge, Connecticut 
Agricultural Experiment Station; Member, Na- 
tional Academy of Sciences. (2, 1923) 

Victor, Joseph, M.D. Research Division for 
Chronic Disease, Welfare Island, N. Y. Experi- 
mental Pathologist; Assistant Professor of Path- 
ology, Columbia University College of Physicians 
and Surgeons. (4, 1935) 

Virtue, Robert W., Ph.D. 2134 E. Iliff Ave., 
Denver, Colo. Associate Professor of Chemistry, 
University of Denver. (2, 1939) 

Visscher, Maurice B., M.S., Ph.D. University 
of Minnesota, Minneapolis. Professor of Physi- 
ology. (1, 1927) 

Voegtlin, Carl, Ph.D. National Cancer Institute, 
Bethesda 14, Md. Chief. (1, 1908; 2, 1908; 3, 
1908) 

von Haam, Emmerich, M.D. Ohio State Uni- 
versity, Columbus. Professor of Pathology. 
(4, 1938) 

Von Oettingen, W. F., M.D., Ph.D. National In- 
stitute of Health, Division of Industrial Hy- 
giene, Bethesda, Md. Principal Industrial 
Toxicologist. (3, 1925) 

Vorwald, Arthur J., Ph.D., M.D. Lt. Com- 
mander, U.S.N.R., U.’S. Naval Hospital, An- 
napolis, Md. (4, 1937) 

Vos, Bert J., Ph.D., M.D. Division of Pharmacol- 
ogy, Food and Drug Administration, Washing- 
ton, D. C. Associate Pharmacologist. (3, 1941) 

Waddell, J. A., M.D. Monroe Hill, Medical 
School, University of Virginia, Charlottesville. 
Professor of Pharmacology. (38, 1916) 

Waddell, James, Ph.D. E. I. duPont de Nemours 
& Co., New Brunswick, N. J. Director of the 
Biological Laboratory. (2, 1930; 5, 1935) 

Wadsworth, Augustus B., M.D. New York State 
Department of Health, Albany. Director, Divi- 
sion of Laboratories and Research. (4, 1935; 
6, 1920) 

Waelsch, Heinrich, M.D., Ph.D. Columbia Uni- 
versity, College of Physicians and Surgeons, 
630 W. 168th St., New York City. Research 
Associate in Biochemisiry. (2, 1941) 

Waisman, Harry A., M.S., Ph.D. Biochemistry 
Bldg., University of Wisconsin, Madison. Asso- 
ciate in Biochemistry. (2, 1944) 
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Wakeman, Alfred J., Ph.D. Hatfield Hill Road, 
Bethany, Conn. Retired. (2, 1906) 

Wakerlin, George E., Ph.D., M.D. University 
of Illinois Medical School, 1853 W. Polk St., 
Chicago. Professor of Physiology. (1, 1933; 
3, 1934) 

Wakim, Khalil G., M.D., Ph.D. University of 
Indiana Medical School, Bloomington. Professor 
of Physiology. (1, 1942) 

Wald, George, M.A., Ph.D. Biological Labora- 
tories, Harvard University, Cambridge, Mass. 
(1, 1934) 

Walker, Arthur M., M.D. University of Penn- 
sylvania, Philadelphia. Associate Professor of 
Pharmacology, Major, M.C. (1, 1932; 3, 1939) 

Walker, Burnham S., Ph.D., M.D. Boston Uni- 
versity School of Medicine, 80 E. Concord St., 
Boston, Mass. Professor of Biochemistry. (2, 
1940) 

Walker, Ernest Linwood, 8.D. Second and Par- 
nassus Aves., San Francisco, Calif. Professor 
of Tropical Med., The George Williams Hooper 
Foundation for Medical Research, University 
of California. (3, 1931) 

Wallace, George B., A.M., Sc.D. (hon.) M.D. 477 
First Ave., New York City. Professor of 
Pharmacology, New York University College 
of Medicine. (1, 1901; 2, 1906; 3, 1909) 

Wallen-Lawrence, Zonja, Ph.D. 4534 W. Pine 
Blvd., St. Louis, Mo. Lecturer on Nutrition and 
Diet, Washington University School of Dentistry. 
(2, 1937) 

Walter, Carl W., M.D. Harvard Medical School, 
25 Shattuck Street, Boston, Mass. Director, 
Laboratory for Surgical Research; Assistant Pro- 
fessor of Surgery, Harvard Medical School; 
Senior Associate in Surgery, Peter Bent Brigham 
Hospital. (4, 1942) 

Walters, Orville S.,Ph.D.,M.D. Central College, 
Buhler, Kan. President. (1, 1936) 

Walton, Robert P., M.A., Ph.D.,M.D. Medical 
College of the State of South Carolina, Charles- 
ton. Professor of Pharmacology. (38, 1933) 

Walton, Seth T., V.M.D., M.S., Ph.D. City 
Health Department, Charlotte, N.C. Director 
of Laboratories and Research. (6, 1936) 

Walzer, Matthew, M.D. 20 Plaza St., Brooklyn, 
N. Y. Attending in Allergy, Jewish Hospital 
of Brooklyn. (6, 1924) 

Wang, Chi Che, M.S., Ph.D. 323 Belden Ave., 
Chicago, Ill. Research Chemist, Children’s Me- 
morial Hospital; Assistant Professor, Dept. of 
Physiology, Northwestern University Medical 
College, Chicago. (2, 1922; 5, 1933) 

Wang, Shih-Chun, M.D., Ph.D.* Columbia Uni- 
versity College of Physicians and Surgeons, 630 
W. 168th St., New York City: Assistant Professor 
in the Depariment of Physiology. (1, 1943) 
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Wangensteen, Owen Harding, M.D. University 
of Minnesota, Minneapolis. Professor of Sur- 
gery. (4, 1931) 

Warner, Emory D., M.D: Medical Laboratories 
Bldg., Iowa City, Ia. Associate Professor of 
Pathology. (4, 1937) 

Warren, Charles O., Ph.D., M.D. Cornell Uni- 
versity Medical College, 1300 York Ave., New 
York City. Assistant Professor of Physiology 
and Anatomy. (1, 1941) 

Warren, Madeleine Field, A.M., Ph.D. 9 High 
Rock St., Needham, Mass. Harvard School of 
Public Health, 55 Shattuck St., Boston, Mass. 
Associate in Physiology. (1, 1933) 

Warren, Shields, M.D. Palmer Memorial Hos- 
pital, 195 Pilgrim Rd., Boston, Mass. Patho- 
logist, New England Deaconess Hospital; As- 
sistant Professor of Pathology, Harvard Medical 
School. (4, 1929) 

Wartman, William Beckman, M.D. Western 
Reserve University, 2085 Adelbert Rd., Cleve- 
land, O. Assistant Professor of Pathology. 
(4, 1940) 

Wasteneys, Hardolph, Ph.D., F.R.S.C. Univer- 
sity of Toronto, Toronto, Canada. Professor 
and Head of Department of Biochemistry. (2, 
1915) 

Wastl, Helene, M.D. Hahnemann Medical Col- 
lege and Hospital, Philadelphia, Pa. Research 
Associate in Pharmacology and Anatomy. (I, 
1939) 

Waterman, Robert E., B.S. Schering Corporation, 
86 Orange St., Bloomfield, N. J. (2, 1940) 

Waters, Ralph Milton, M.D. 1300 University Ave., 
Madison, Wis. Professor of Anesthesia, Univer- 
sity of Wisconsin. (3, 1937) 

Watson, Cecil J.. M.D., Ph.D. Department of 
Medicine, University Hospital, Minneapolis, 
Minn. Professor and Head of Department of 
Medicine. (4, 1941) 

Watson, John B., A.M., Ph.D., LL.D. 420 
Lexington Ave., New York City. Vice Presi- 
dent of the J. Walter Thompson Co. (1, 1907) 

Waud, Russell A., M.D., M.Sc., Ph.D. Medical 
School, University of Western Ontario, London, 
Canada. Professor of Pharmacology. (1, 1925; 
3, 1931) 

Waugh, David F., Ph.D.* Department of Biology 





and Biological Engineering, Massachusetts In- 
stitute of Technology, Cambridge. Assistant 
Professor of Physical Biology. (1, 1943) 

Wearn, Joseph T., M.D. Lakeside Hospital, 
Cleveland, O. Professor of Medicine, Weste 
Reserve University; Director of Medicine, Lake 
side Hospital. (1, 1921) 

Weatherby, J. H., M.A., Ph.D. Naval Air Station 
Dispensary, Pensacola, Fla. Research Associal4 
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ity in Pharmacology, Medical College of Virginia; 
ur Lieutenant (M.C.) U.S.N.R. (8, 1941) 
Weber, Clarence J.,M.D., Ph.D. University of 
Ses Kansas Hospitals, Kansas City. Assistant Pro- 
of fessor of Research Medicine. (2, 1931) 
Webster, Bruce, M.D., C.M. Cornell University 
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ogy ‘oe Physician, New York Hospital. (5 
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Wégria, René, M.D. Department of Medicine, 
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As- | Weichert, Charles K., Ph.D. University of Cin- 
ical cinnati, Cincinnati, O. Assistant Professor of 


Zoology. (1, 1985) 
ern § Weil, Alfred J.. M.D. Lederle Laboratories, Inc., 


sve- Pearl River, N. Y. Immunologist. (6, 1940) 
ogy. Weil, Arthur, M.D. 161 East 71st St., New York, 
N.Y. (4, 1940) 


ver-§| Weil, Leopold, Ph.D. Eastern Regional Research 
ssor Laboratory, U. S. Department of Agriculture, 
(2, Chestnut Hill Station, Philadelphia, Pa. Asso- 
ciale Chemist. (2, 1942) = 
Col-§ Weir, Everett G., M.S., Ph.D. School of Medi- 
arch cine, Howard University, Washington, D. C. 
(1, Assistant Professor of Physiology. (1, 1941) 
Weiss, Charles, M.S., Ph.D., M.D. Jewish Hospi- 
tion, tal, York & Tabor Roads, Philadelphia, Pa. 
Director of Laboratories. (4, 1934; 6, 1920) 
ve.) Weiss, Emil, M.D., Ph.D. P. O. Box 714, Chicago, 
iver- Ill. Pathologist, Chicago Eye, Ear, Nose and 
Throat Hospital. (6, 1927) 
t off Weiss, Paul, Ph.D. University of Chicago, 
olis, Chicago, Ill. Professor of Zoology. (1, 1936) 
tof Welch, Arnold D., Ph.D., M.D. Western Reserve 
University School of Medicine, Cleveland, O. 
420 Professor of Pharmacology. (3, 1942; 5, 1944) 
resi-§ Welch, Arnold DeMerritt, Ph.D., M.D. Medical 
7) Research Division, Sharp and Dohme, Inc., 
dical Glenolden, Pa. Director of Research. (3, 1942) 
.don,f Welch, Henry, Ph.D. Bacteriological Section, 
1925;§ | U.S. Food and Drug Administration, Washing- 
ton, D. C. Senior Bacteriologist. (6, 1932) 
slogyg Weld, Charles Beecher, M.A., M.D. Dalhousie 
; In- University, Halifax, N.S., Canada. Professor 
stant of Physiology. (1, 1936) 
Weld, Mrs. Julia T. College of Physicians and 
pital, Surgeons, 680 W. 168th St., New York City. 
rste Research Associate in Pathology. (6, 1920) 
takeq Welker, William H., A.C., Ph.D., D.Sc. 1853 W. 
Polk St., Chicago, Ill. Professor of Biological 
ationg Chemistry and Head of the Department, College of 
ociaiy Medicine, University of Illinois. (2, 1906) 









Weller, Carl Vernon, M.D. 1130 Fair Oaks Park- 
way, Ann Arbor, Mich. Professor of Pathology 
and Chairman, Department of Pathology, Uni- 
versity of Michigan. (4, 1923) 

Wells, Herbert S.,.M.D. Bowman Gray School of 
Medicine, Winston-Salem, N. C. Professor of 
Physiology and Pharmacology. (1, 1932) 

Wells, Joseph Albert, M.S., Ph.D. Northwestern 
University Medical School, Chicago, II]. Asso- 
ciate in Pharmacology. (3, 1944) 

Wendel, William B., Ph.D. College of Medicine, 
University of Tennessee, Memphis. Associate 
Professor of Chemistry. (2, 1932) 

Werkman, C. H., Ph.D. Science Hall, Iowa 
State College, Ames. Professor in Charge, 
Department of Bacteriology. (2, 1942) 

Werle, Jacob M., M.D.* 4478 Broadale Ave., 
Cleveland, O. 1st Lieutenant, M.C. (1, 1943) 
Werner, Harold W., Ph.D. The Wm. S. Merrell 
Co., Lockland Station, Cincinnati, O. Déreetor 

of Pharmacology Research. (3, 1942) 

Wertenberger, Grace E., 8.M., Ph.D.* Women’s: 
Medical College of Pennsylvania, Philadelphia. 
Assistant Professor of Physiology. (1, 1943) 

Wesson, Laurence Goddard, Ph.D. Forsyth 
Dental Infirmary, Boston, Mass. Research 
Biochemist. (2, 1929; 3, 1932) 

West, Edward S., M.S., Ph.D. University of 
Oregon Medical School, Portland. Professor 
of Biochemistry. (2, 1925) 

West, Randolph, M.A., M.D. 622 W. 168th St., 
New York City. Associate Professor of Medi- 
cine, Columbia University. (2, 1931) 

Westerfeld, Wilfred Wiedey, Ph.D. Harvard 
Medical School, 25 Shattuck St., Boston, Mass. 
Assistant Professor of Biological Chemistry. 
(2, 1944) 

Weymouth, Frank W., Ph.D. Stanford Univer- 
sity, Calif. Professor of Physiology and Exec- 
utive of the Department. (1, 1917) 

Wheeler, George W., M.D. New York Hospital, 
525 E. 68th St., New York City. Superin- 
tendent. (6, 1920) 

Wheeler, Kenneth M., Ph.D. Bureau of Labora- 
tories, Connecticut State Department of Health, 
1179 Main St., Hartford. Research Micro- 
biologist. (6, 1938) 

Wheeler, Mary W., M.A. Division of Labora- 
tories and Research, New York State Depart- 
ment of Health, Albany. Associate Bacteri- 
ologisi. (6, 1933) 

Wheeler, Ruth, Ph.D. P. O. Box 444, Annapolis, 
Md. (2, 1915; 5, 1933) 

Wheelon, Homer, M.S., M.D. American Bank 
Bldg., Seattle, Wash. (1, 1919) 

Whipple, George H., M.D., Sc.D. University of 
Rochester, Rochester, N. Y. Professor of 
Pathology and Dean of the School of Medicine and 
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Dentistry; Member of the National Academy of 
Sciences. (1, 1911; 4, 1913) 

White, Abraham, M.A., Ph.D. 333 Cedar St., 
New Haven, Conn. Associate Professor of 
Physiological Chemistry, Medical School, Yale 
University. (2, 1934; 5, 1937) 

White, Frank D., Ph.D., F.I.C. Medical College, 
University of Manitoba, Winnipeg, Canada. 
Assistant Professor of Biochemistry, Faculty of 
Medicine. (2, 1931) 

White, Harvey Lester, M.D. Station Hospital, 
A.P.O. 726, Seattle, Wash. Colonel, M.C.; Asso- 
ciate Professor of Physiology, Washington Uni- 
versity Medical School, St. Louis, Mo. (1, 1923) 

White, Julius, A.M., Ph.D. National Cancer Insti- 
tute, Bethesda, Md. Senior Biochemist. (At 
present on leave of absence while in Army of U.S.) 
(2, 1987) 

White, Paul Dudley, M.D., Massachusetts Gen- 
eral Hospital, Boston. Lecturer in Medicine, 
Harvard Medical School; Physician (in charge of 
Cardiac Clinics and Laboratory), Mass. General 
Hospital. (3, 1921) 

Whitehead, Richard W., M.A., M.D. University 
of Colorado School of Medicine, 4200 E. Ninth 
Ave., Denver. Professor of Physiology and 
Pharmacology. (1, 1933; 3, 1928) 

Wiener, Alexander S., M.D. 64 Rutland Rd., 
Brooklyn, N. Y. Bacteriologist and Serologist 
to Office of Chief Medical Examiner of New York 
City; Head’ of Transfusion Division, Jewish 
Hospital of Brooklyn. (6, 1932) 

Wiersma, Cornelis A.G.,M.A., Ph.D. California 
Institute of Technology, Pasadena. Associate 
Professor of Physiology. (1, 1941) 

Wiggers, Carl J.. M.D., Sc.D. Medical School, 
Western Reserve University, Cleveland, O. 
Professor and Director of Physiology. (1, 1907; 
3, 1909) 

Wiggers, Harold C., Ph.D. College of Medicine, 
University of Illinois, 1853 W. Polk St., Chi- 
cago. Associate Professor of Physiology. (1, 
1938) 

Wigodsky, Herman S., Ph.D., M.D.* Research 
Division, Air Surgeon’s Office, Hdqtrs. of the 
Army Air Forces, War Department, Washington, 
D. C. Major, M.C.; Chief, Physiological Branch. 
(1, 1943) 

Wikler, Abraham, M.D. U.S. Public Health Serv- 
ice Hospital, Lexington, Ky. Surgeon (R), U. S. 
Public Health Service. (3, 1944) 

Wilde, Walter S., Ph.D.* Louisiana State Uni- 
versity Medical School, New Orleans. Assistant 
Professor of Physiology. (1, 1944) 

Wilder, Russell M., Ph.D., M.D. Mayo Clinic, 
Rochester, Minn. Professor of Medicine, Mayo 
Foundation, University of Minnesota. (1, 1921; 
4, 1924; 5, 1933) 
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Wiley, Frank H., M.S., Ph.D. Food and Drug 
Administration, Federal Security Agency, Wash- 
ington 25,D.C. Senior Chemist. (2, 1933) 

Wilhelmi, Alfred E., Ph.D. 333 Cedar St., New 
Haven, Conn. Yale University School of Medi- 
cine. Assistant Professor of Physiological Chem- 
istry. (2, 1942) 

Wilhelmj, Charles Martel, M.D. Creighton Uni- 
versity School of Medicine, Omaha, Neb. Pro- 
fessor of Physiology. (1, 1931) 

Wilkerson, Vernon A., M.D., Ph.D. Howard 
University Medical School, Washington, D. C. 
Professor and Head of Department of Bio- 
chemistry. (2, 1936) 

Williams, Edwin G., M.D., D.T.M., D.T.H. 
U.S. Public Health Service Hospital, Lexington, 
Ky. Senior Surgeon U.S. Public Health Service, 
Director of Research, U.S.P.H.S. Hospital. 
(3, 1944) 

Williams, Harold H., Ph.D. 660 Frederick St., 
Detroit, Mich. Associate Director, Research 
Laboratory, Children’s Fund of Michigan. 
(2, 1938; 5, 1936) 

Williams, Horatio B., M.D., Sc.D. Box 893, Green- 
wich, Conn. Dalton Professor of Physiology 
Emeritus, Columbia University. (1, 1912) 

Williams, J. W., M.8., Ph.D. University of Wis- 
consin, Chemistry Bldg., Madison. Professor of 
Chemistry. (2, 1944) 

Williams, Ray D., M.D. 6834 Waterman St., St. 
Louis, Mo. Research Fellow. (5, 1941) 

Williams, Robert R., D.Sc. Bell Telephone 
Laboratories, 297 Summit Ave., Summit, N. J. 
Chemical Director. (5, 1941) 

Williams, Robert Hardin, M.D. Thorndike Labo- 
ratory, Boston City Hospital, Boston, Mass. 
Associate in Medicine, Harvard Medical School; 
Assistant Physician, Thorndike Memorial Labo- 
ratory; Junior Visiting Physician, II and IV 
Medical Services (Harvard) Boston City Hos- 
pital. (4, 1940) 

Williams, Robert R., M.S., D.Sc. 297 Summit 
Ave., Summit, N. J. Chemical Director, Bell 
Telephone Laboratories. (2, 1919) 

Williams, Roger J., Ph.D., D.Sc. University of 
Texas, Department of Chemistry, Austin. 
Professor of Chemistry; Director, Biochemical 
Institute. (2, 1931) 

Wills, J. H., M.S., Ph.D.* University of Roches- 
ter, School of Medicine and Dentistry, Roches- 
ter, N. Y. Associate in Pharmacology. (1, 1943) 

Wilson, David Wright, M.S., Ph.D. University 
of Pennsylvania Medical School, Philadelphia. 
Benjamin Rush Professor of Physiological Chem- 
istry. (1, 1915; 2, 1915) 

Wilson, Frank N., M.D. University Hospital, 
Ann Arbor, Mich. Professor of Medicine, Uni- 
versity of Michigan. (4, 1925) 
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Wilson, Karl M., M.D. University of Rochester, 
School of Medicine, Rochester, N. Y. Professor 
of Obstetrics and Gynecology. (4, 1927) 

Wilson, P. W., Ph.D. Department of Agricul- 
tural Bacteriology, University of Wisconsin, 
Madison. Associate Professor in Agricultural 
Bacteriology. (2, 1989) 

Wilson, Robert H., Ph.D. U.S. Dept. of Agricul- 
ture, Western Regional Research Laboratory, 
800 Buchanan St., Albany, Calif. Pharmacolo- 
gist. (3, 1937) 

Winder, Claude V., Sc.D. 1927 Dexter Ave., Ann 
Arbor, Mich. Pharmacologist, Parke, Davis & 
Company, Detroit, Mich. (1, 1938) 

Windle, William Frederick, Ph.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, Ill. Professor of Anatomy. (1, 1937) 

Winkenwerder, Walter LaF., M.D. Brooklandville, 
Md. Associate in Medicine, Johns Hopkins 
Medical School. (6, 1938) 

Winkler, Alexander Woodward, A.M., M.D. 
New Haven Hospital, 789 Howard Ave., New 
Haven, Conn. Assistant Professor of Medicine, 
Yale University School of Medicine. (1, 1940) 

Winter, Charles A., Ph.D. University of Okla- 
homa, School of Medicine, 801 E. 13th St., 
Oklahoma City. Assistant Professor of Physiol- 
ogy. (1, 1940) 

Winter, Irwin Clinton, Ph.D., M.D. University 
of Oklahoma School of Medicine, Oklahoma City. 
Associate Professor in Pharmacology; Captain, 
M.C. (8, 1941) 

Winters, Jet C., M.A., Ph.D. University of 
Texas, Austin. Professor of Home Economics. 
(5, 1933) 

Winternitz, M. C., M.D. Yale University School 
of Medicine, New Haven, Conn. Anthony N. 
Brady Professor of Pathology. (4, 1913) 

Wintersteiner, Oskar, Ph.D. The Squibb In- 
stitute for Medical Research, New Brunswick, 
N. J. Head, Division of Organic Chemistry; 
Honorary Professor of Biochemistry, Rutgers 
University. (2, 1980) 

Wintrobe, Maxwell Myer, M.D., Ph.D. University 
of Utah School of Medicine, Salt Lake City. 
Professor and Head of the Department of Internal 
Medicine. (4, 1940) 

Wiseman, Bruce Kenneth, M.D. Kinsman Hall, 
Ohio State University, Columbus. Professor 
of Medicine; Assistant Director of Medical Re- 
search. (4, 1932) 

Wislocki, George B., M.D. Harvard University 
Medical School, 25 Shattuck St., Boston, Mass. 
Parkman Professur of Anatomy. (1, 1924) 

Witebsky, Ernest, M.D. Buffalo General Hos- 
pital, 100 High St., Buffalo, N. Y. Professor of 
Bacteriology and Immunoloay. (6, 1935) 
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Witzemann, Edgar J., M.A., Ph.D. Service 
Memorial Building, University of Wisconsin, 
Madison. Associate Professor of Physiological 
Chemistry. (2, 1925) 

Wolbach, S. Burt, M.D. Harvard University 
Medical School, 25 Shattuck St., Boston, Mass. 
Shattuck Professor of Pathological Anatomy; 
Member, National Academy of Sciences. (4, prior 
to 1920) 

Wolff, Harold G., M.D., M.A. New York Hos- 
pital, 525 E. 68th St., New York City. Asso- 
ciate Professor of Medicine, Cornell University 
Medical College; Associate Attending Physician, 
New York Hospital. (1, 1930; 3, 1942) 

Wood, Earl H., M.8., Ph.D., M.D.* Mayo Aero- 
medical Unit, Mayo Foundation, Rochester, 
Minn. Assistant in Physiology. (1, 1943) 

Wood, Harland G., Ph.D. Dept. of Physiology, 
University of Minnesota, Minneapolis. Associate 
Professor, Physiological Chemistry. (2, 1944) 

Wood, Horatio C., Jr., M.D., Ph.M. 3195S. 41st 
St., Philadelphia, Pa. Professor of Pharma- 
cology and Therapeutics, University of Penn- 
sylvania; Professor of Materia Medica, Phila- 
delphia College of Pharmacy and Science. (3, 
1908) 

Woodbury, Robert A., Ph.D., M.D. University 
of Georgia, School of Medicine, Augusta. Pro- 
fessor of Pharmacology. (1, 1936; 3, 1941) 

Woodruff, Lorande Loss, A.M., Ph.D. Yale 
University, New Haven, Conn. Professor of 
Protozoology; Member, National Academy of 
Sciences. (1, 1910) 

Woods, Alan C., M.D. Wilmer Institute, Johns 
Hopkins Hospital,. Baltimore, Md. Ophthal- 
mologist-in-Chie{; Acting Professor of Ophthal- 
mology, Johns Hopkins University; Director, 
Wilmer Ophthalmological Institute. (6, 1918) 

Woods, Ella, A.M., Ph.D. University of Idaho, 
Moscow. Home Economist, Experiment Station. 
(2, 1925; 5, 1933) 

Woodward, Alvalyn E., M.S., Ph.D. University 
of Michigan, Ann Arbor. Assistant Professor 
of Zoology. (1, 1932) 

Woodyatt, Rollin T., M.D. 237 E. Deleware 
Place, Chicago, Ill. Professor of Medicine, Rush 
Medical College, University of Chicago. (2, 
1912) 

Woolley, Dillworth W., Ph.D. Rockefeller Insti- 
tute for Medical Research, 66th St., and York 
Ave., New York City. Fellow. (5, 1941) 

Woolsey, Clinton N., M.D. Johns Hopkins Uni- 
versity School of Medicine, Baltimore, Md. 
Associate in Physiology. (1, 1938) 

Wright, Angus, M.D. University of Southern 
California Medical School, 657 8. Westlake Ave., 
Los Angeles. Pathologist, California Hospital. 
(4, 1935) 
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Wright, Arthur W., M.D.- Albany Medical Col- 
lege, New Scotland Ave., Albany, N. Y. Pro- 
fessor of Pathology and Bacteriology. (4, 1941) 

Wright, Charles Ingham, M.8., Ph.D. National 
Institute of Health, Bethesda, Md. Senior Phar- 
macologist, U. S. Public Health Service. (1, 
1935; 3, 1936) 

Wright, George G., Ph.D. Dept. of Chemistry, 
California Institute of Technology, Pasadena. 
National Research Fellow. (6, 1943) 

Wright, Harold N., M.S., Ph.D. University of 
Minnesota, Minneapolis. Associate Professor 
of Pharmacology. (3, 1933) 

Wright, Sydney L., M.A., Ph.D. Endsmeet Farm 
Glenside, Pa. (2, 1933) 

Wulzen, Rosalind, M.S., Ph.D. Oregon State 
College, Corvallis. Assistant Professor of Zool- 
ogy. (1, 1916) 

Wyckoff, Ralph W. G., Ph.D. School of Public 
Health, University of Michigan, Ann Arbor. 
(6, 1940) , 

Wyman, Jeffries, Jr., Ph.D.’ Harvard Univer- 
sity, Cambridge, Mass. Associate Professor of 
Zoology and Chairman of the Board of Tutors in 
Division of Biology. (1, 1928) 

Wyman, Leland C., Ph.D. Boston University 
School of Medicine, Boston, Mass. Associate 
Professor of Physiology. (1, 1927) 

Wynne, Arthur M., M.A., Ph.D., F.R.S.C. De- 
partment of Biochemistry, University of To- 
ronto, Toronto, Canada. Professor of Biochem- 
istry. (2, 1940) 

Yerkes, Robert M., Ph.D. Yale Laboratories of 
Primate Biology, 333 Cedar St., New Haven, 
Conn. Professor of Psychobiology, Yale Uni- 
versity; Member of the National Academy of 
Sciences. (1, 1904) 
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Yonkman, Frederick F., Ph.D., M.D. Ciba Phar- 
maceutical Products, Inc., Summit, N. J. Chief 
Pharmacologist. (3, 1931) 

Youmans, William Barton, M.A., Ph.D. Uni- 
versity of Oregon Medical School, Portland. 
Professor of Physiology. (1, 1939) 

Young, A. G., Ph.D., M.D. 520 Commonwealth 
Ave., Boston, Mass. Assistant Professor of 
Therapeutics, Boston University School of 
Medicine; Medical Director, Corey Hill Hospital, 
Brookline. (3, 1925) 

Young, E. G., Ph.D., F.R.S.C. Dalhousie Uni- 
versity, Halifax, N. S., Canada. Professor of 
Biochemisiry. (2, 1925) 

Youngburg, Guy E., M.S., Ph.D. 66 Park Circle, 
Eggertsville, Buffalo, N. Y. Professor of Biologi- 
cal Chemistry, University of Buffalo. (2, 1927) 

Yuile, Charles L., M.D., C.M. Pathological In- 
stitute, McGill University, Montreal, Canada. 
Assistant Professor of Pathology. (4, 1941) 

Zechmeister, L. California Institute of Tech- 
nology, Pasadena. Professor of Organic Chem- 
istry. (2, 1941) 

Zeckwer, Isolde T., M.D. School of Medicine, 
University of Pennsylvania, Philadelphia. As- 
sistant Professor of Pathology. (1, 1934; 4, 1927) 

Zimmerman, Harry M., M.D., Lt. Comdr. (M.C.) 
USNR 1584 Boulevard, New Haven, Conn. 
(4, 1933) 

Zwemer, Raymund L., Ph.D. 5003 Battery Lane, 
Bethesda 14, Md. College of Physicians and Sur- 
geons, Columbia University, 630 W. 168th St., 
New York City. Assistant Professor of Anatomy. 
On leave: Dept. of State, Washington, D. C. (1, 
1930) 
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Abel, John J. (1, 2, 3) May 26, 1938. 
Abbott, A. C. (1) September 11, 1936. 
Abramson, H. L. (6) April, 1934. 
Adami, J. George (2) August 29, 1926. 
Adler, Herman M. (2) December 6, 1935. 
Adler, Isaac (3) February 2, 1912. 
Alsberg, Carl L. (1, 2) October 31, 1940. 


Apfelbach, Carl Wesley (4) June 25, 1943. 
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Atkinson, Harry V. (3) May 7, 1939. 
Atwater, W. O. (1) September 22, 1907. 
Austin, William C. (2) November 20, 1935. 
Bancroft, F. W. (1) August 23, 1924. 
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Barbour, Henry Gray (1, 2, 3) September 23, 1943. 
Benedict, Stanley R. (1, 2) December 21, 1936. 
Bergmann, Max (2) November 7, 1944. 

Beyer, Henry G. (1) December 9, 1918. 
Black, Otis Fisher (2) October 14, 1933. 
Blackfan, Kenneth D. (5) November 5, 1941. 
Bleile, Albert M. (1) August 16, 1933. 
Bodansky, Meyer (2) June 14, 1941. 
Bowditch, Henry P. (1) March 13, 1911. 
Braman, Winfred W. (5) March 24, 1937. 
Brodie, Maurice (6) May 9, 1939. 

Brodie, Thomas G. (1, 2) August 20, 1916. 
Brown, Wade H. (3, 4) August 4, 1942. 
Brubaker, Albert P. (1) April 29, 1943. 

Bull, Carroll G. (6) May 30, 1931. 

Bullowa, Jesse G. M. (3, 6) November 9, 1943 
Burget, G. E. (1) June 4, 1938. 

Busch, Fred C. (1) January 3, 1914. 

Callison, William E. (3) February 26, 1937. 
Carrel, Alexis (1, 4) November 5, 1944. 

Cattell, J. McKeen (1) January 20, 1944. 
Chapman, Henry C. (1) September 7, 1909. 
Chillingworth, F. P. (1) June 30, 1938. 
Chittenden, Russell H. (1, 2, 5) December 6, 1943. 
Clark, Admont Halsey (1) October 13, 1918. 
Clark, Earl P. (2) November 7, 1943. 

Clark, G. P. (1) September 1, 1907. 

Clarke, J. Alexander (6) 1943. 

Cleghorn, Allen M. (1) March 20, 1916. 
Cohen, Seymour J. (3) June 11, 1942. 
Connor, Charles L. (4) June 12, 1941. 

Cook, Frank C. (2) June 19, 1923. 

Coombs, Helen C, (1, 3) March 4, 1944. 
Coulter, Calvin B. (4) May 10, 1940. 
Crawford, Albert C. (3) March 14, 1921. 

Crile, George W. (1, 3) January 7, 1943. 
Cullen, Glenn E. (2,5) April 11, 1940. 

Curtis, John G. (1) September 20, 1913. 
Cushing, Harvey (1, 4) October 7, 1939. 
Cushny, A. R. (1) February 25, 1926. 

Dalton, J. C. (1) February 12, 1889. 

Dastré, A. (1h) October 25, 1917. 

D’Aunoy, Joseph Rigney (4) September 17, 1941. 
Davis, Alice Rohde (2) August 22, 1933. 
Dawson, Wilfred T. (1, 3) September 19, 1939. 
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Dooley, David H. (1) April 11, 1927. 

Dreyer, George P. (1) February 27, 1931. 
Dunham, Edward K. (2) April 16, 1922. 
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Edmunds, Charles W. (1, 3) March 1, 1941. 
Englemann, Th. W. (1h) May 20, 1909. 

Ets, Harold N. (1, 3) June 25, 1943. 

Ewing, Ephraim MacDonald (1) August 27, 1925. 
Fitch, Richard H. (1, 3) January 7, 1939. 

Fitz, George W. (1) October 28, 1934. 

Folin, Otto (1, 2, 3) October 26, 1934. 

Foster, Nellis Barnes (2) August 20, 1933. 
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Franz, Shepherd Ivory (1) October 14, 1933. 
Gager, C. Stuart (2) August 9, 1943. 

Gates, Frederick L. (3, 4) June 17, 1933. 

Gay, Frederick P. (4, 6) July 14, 1939. 
Goodale, George L. (1) April 12, 1923. 

Gortner, Ross A. (2) September 30, 1942. 
Greeley, A. W. (1) May 15, 1904. 

Gross, Louis (4) October 17, 1937. 

Hall, G. Stanley (1) April 24, 1924. 

Halsted, William S. (4) September 7, 1922. 
Hammersten, O. (1h) September 21, 1932. 
Harding, Victor John (2) July 10, 1934. 
Hare, Hobart Amory (1) June 15, 1931. 
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Hatcher, Robert A. (1, 2,3) April 1, 1944. 
Hawkins, James A., (1, 2) July 26, 1937. 
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Hofmeister, F. (lh) July 26, 1922. 

Hooper, Charles Warren (1) January 27, 1936. 
Hough, Theodore (1) November 30, 1924. 
Howland, John (2) June 20, 1926. 
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Jackson, Holmes C. (1, 2) October 25, 1927. 
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